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Summary 
 
Medicinal plants play a significant role in the life of people and they are used in 
official and various traditional systems of medicines throughout the world, benefitting 
people to prevent disease, maintain health and cure ailments. Out of 17,000 species of 
higher plants reported to occur in India, 7500 are known to have medicinal values, 
and this proportion of medicinal plants is the highest known in any other country 
against the existing flora of that country. In India, total production of medicinal and 
aromatic plants is about 9.18 lakh tons comprising an area of 5.57 lakh hactare under 
cultivation. In the European countries, medicinal and aromatic plants are cultivated on 
an estimated area of 0.7 lakh hectare, the main countries being France, Hungary and 
Spain. Medicinal plants have curative properties due to the presence of various 
complex substances of different composition, which are found as secondary plant 
metabolites in one or more parts of these plants.  
           Ashwagandha is commonly known as “Indian Winter cherry” or “Indian 
Ginseng”. It is considered as health care food supplement. Roots and leaves of this 
plant are proven to have a wide range of pharmacological activity.  More than 200 
Ayurvedic formulations use Ashwagandha as main ingredient. The roots of the plant 
are categorized as rasayanas, which are reputed to promote health and longevity by 
augmenting defense against disease, arresting the ageing process, revitalizing the 
body in debilitated conditions, increasing the capability of the individual to resist 
adverse environmental factors and by creating a sense of mental well-being and act as 
memory enhancer. National Medicinal Plant Board includes Ashwagandha in 32 
prioritized medicinal plants. It is a widely used, Ayurvedic herb and it appears in 
World Health Organisation (WHO) monographs on selected medicinal plants and an 
American herbal Pharmacopoeia is also forthcoming. Ashwagandha enjoys a 
significant therapeutic reputation in allopathic, homeopathic, Unani, and Ayurvedic 
systems of medicine. The demand of Ashwagandha in herbal market was estimated to 
be 9127.5 tonnes per annum in the year 2004-05, based on the trend, the current 
demand of Aswagandha per annum would be around 12500 tonnes. 
In India Ashwagandha is commercially cultivated in Madhya Pradesh, 
Gujarat, Maharashtra, Rajasthan, Haryana, Punjab, Karnataka and Uttar pradesh. 
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Ashwagandha is cultivated in more than 5000 hectare in the districts of Neemuch and 
Mandsaur (Madhya pradesh), alone and in India it is cultivated under 10768 hectare 
land. In Aligarh district of Uttar Pradesh, Ashwagandha is cultivated in 950 hectares 
producing 4750 quintal of dried roots and 3.75 quintal of seeds.  
Ashwagandha is prone to several diseases and pests (Gupta et al., 1993, 
Nagraj and Reddy, 1985).Under field conditions, the plants are damaged by viruses, 
mycoplasmas, bacteria as well as fungal pathogens. The two most destructive fungal 
pathogens of this plant are Alternaria alternata causing Alternaria leaf spot and 
Fusarium solani, causing fusarium wilt. Alternaria leaf spot causes 50-60% yield loss 
(Pati et al., 2008), whereas the yield loss due to fusarium wilt has been estimated by 
55-65% (Bharti et al., 2013). The older and mature leaves are more susceptible to 
infection caused by A. alternata. F. solani causes infection at seedling stage which 
sometimes results incomplete yield loss, however when the infection is caused at a 
later stage, no seed formation takes place or if formed, it is thin, tiny and shrivelled. 
The disease cause considerable damage to the plant during warm and humid climatic 
conditions.  
It has been frequently observed that a single method has certain limitation in 
disease management and is not always found to provide effective and economic 
control of diseases. Therefore, integration of various suitable tactics may lead to an 
environment suitable, economically viable and practically feasible approach of 
managing fungal diseases in plants. An additional advantage of this method is the 
minimum dose of fungicides required to suppress the pathogens in comparison to the 
treatment of fungicides alone. Under this situation, an integrated approach consisting 
of a lower dose of fungicide in combination with biocontrol agents is essentially 
needed to develop an economically viable and ecologically sustainable management 
of Alternaria leaf spot and Fusarium wilt disease of Ashwagandha. With these 
objectives following experiments were conducted to develop an integrated module 
consisting of biocontrol agents and fungicides to manage fungal diseases viz., 
Alternaria leaf spot and Fusarium wilt in Ashwagandha. 
Objectives:  
1. To identify the resistant indigenous germplasm of Ashwagandha against Alternaria 
leaf spot. 
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2. To identify the resistant indigenous germplasm of Ashwagandha against Fusarium 
wilt. 
3. In-vitro effectiveness of fungicides and biocontrol agents against Alternaria 
alternata and     Fusarium solani. 
4. To identify best option among the selected fungicides and biocontrol agents against 
Alternaria leaf spot under pot condition. 
5. To identify best option among the selected fungicides and biocontrol agents 
Fusarium wilt under pot condition. 
6. To develop an integrated management module consisting of biocontrol agents and 
fungicides for Alternaria leaf spot under field condition. 
7. To develop an integrated management module consisting of biocontrol agents and 
fungicides for Fusarium wilt disease of Ashwagandha under field condition. 
 
The present study was aimed to devise an integrated disease management (IDM) 
approach against the Alternaria leaf spot and Fusarium wilt of Ashwagandha by using 
chemical control in combination with biocontrol agents. In the first experiment 
evaluation of host reaction of Ashwagandha cultivars against Alternaria alternata and 
Fusarium solani was conducted under pot condition. Among 18 Ashwagandha 
cultivars screened for host response, two cultivars viz., RAS-10 and RAS-23 
expressed resistance against A. alternata.  The cultivars RAS-56 and JA-134 were 
found to be consistently susceptible and highly susceptible respectively. The cvs. IC 
310595, RAS-10, RAS-37, RAS-23 and RAS-98 showed increase in the salicylic acid 
contents of leaf and total phenol content. The greatest increase in the leaf contents of 
salicylic acid (18-20%) and total phenol (15-17%) was recorded in cv. RAS-10. 
During the study of plant yield the cultivars JA-134 (68-70%), RAS-56 (64-67%), IC-
283662 (50-53%), RAS-111 (47-51%) and RAS-93 (40-45%) showed greatest 
decrease in the plant yield. The Lowest decrease in plant yield was recorded in RAS-
10 (5-8%) and RAS-23 (10-14%), RAS-98 (14-16%). Total phenol and salicylic acid 
contents of leaves increased up to 45 days of sowing and thereafter gradually 
decreased. Increase in the TPC and SAC were negatively correlated with the disease 
severity. Based on the morphological and biochemical host reaction the cv. RAS-10 
and RAS-23 may be exploited for commercial cultivation of Ashwagandha in the 
areas infested with Alternaria leaf spot fungus, Alternaria alternata.  The cultivars 
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RAS-56 and JA-134 should be avoided in those areas/fields where the disease 
incidence and disease occurrence of this pathogen was high 
While during the study of evaluation of host reaction of Ashwagandha 
cultivars against Fusarium solani under pot condition, it was revealed that Among 18 
Ashwagandha cultivars screened for host response, two cultivars viz., RAS-7 and 
RAS-37 expressed resistance against Fusarium wilt. The cultivars RAS-111 and 
RVA-100 were found to be consistently susceptible and highly susceptible 
respectively. The cvs. RAS-7, RAS-37, JA-20, RAS-23 and JA-134 showed increase 
in the salicylic acid contents of leaf and total phenol content. The greatest increase in 
the leaf contents of salicylic acid (14-17%) and total phenol (15-19%) was recorded in 
cv. RAS-37. Total phenol and salicylic acid contents of leaves increased up to 40 days 
of sowing and thereafter gradually, decreased. Increase in the TPC and SAC were 
negatively correlated with the disease severity. Based on the morphological and 
biochemical host reactions the cvs. RAS-7 and RAS-37may be exploited for 
commercial cultivation of Ashwagandha in the areas infested by wilt pathogen.  The 
cultivars RAS-111and RVA-100should be avoided in those Areas/fields where the 
infestation of wilt pathogen was high. 
In the next experiment the efficacy of fungicides and biocontrol agents against 
Alternaria alternata and Fusarium solani (In-vitro) was evaluated. The study has 
confirmed that among ten fungicides tested against F. solani in-vitro, carboxin, 
carbendazim and captan were found to be highly effective. carboxin, carbendazim and 
captan inhibited the fungal colonization at a concentration of 50 ppm while 
propiconazole and difenoconazole showed cent percent inhibition at 100 ppm. Among 
eleven isolates of biocontrol agents Trichoderma harzianum TNS-3, Pseudomonas 
fluorescens PNS-2, Bacillus subtilis BNS-2, T. harzianum TNS-1, Aspergillus niger 
ANS-1 and T. virensTVS-1 showed highest inhibitory effect against wilt inciting 
fungus Fusarium solani.  
Similar study was conducted against A. alternata, among ten fungicides tested 
in vitro, mancozeb, carbendazim and hexaconazole were found to be  
highly effective. Mancozeb inhibited the fungal colonization at a  
concentration of 10 ppm, while carbendazim and hexaconazole inhibited the fungal 
colonization at 25 ppm. Among eleven isolates of biocontrol agents, Pseudomonas 
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fluorescens PNS-3, Trichoderma harzianum TNS-1, T. harzianum TNS-3, T. virens 
TVS-1, P. fluorescens PNS-2, T. viride TVR-1, showed highest inhibitory effects 
against leaf spot inciting fungus A. alternata. 
   For evaluation of biocontrol agents and fungicides against Alternaria alternata 
under pot condition the experiment conducted in the pots has demonstrated that A. 
alternata at 4 g/kg soil caused significant reduction in the plant growth and yield of 
Ashwagandha. The disease, however, can be effectively controlled by the use of 
fungicides and bioocontrol agents. While studying the efficacy of five fungicides in 
pots experiment, three fungicides viz; mancozeb, hexaconazole and carbendazim, 
were found extremely effective in decreasing the Alternaria leaf spot severity. Foliar 
spray of these fungicides controlled the disease by 70-74%, 60-65% and 62-63% 
respectively. Among five biocontrol agents viz; T. harzianum (TNS1), T. harzianum 
(TNS3), P. fluorescens (PNS-1), T.virens (TVS1) and T. viride (TVR1) tested in pots 
experiments, T. harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1), 
found to be the most effective biocontrol agents in decreasing the Alternaria leaf spot 
severity. T. harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1) reduces 
the Alternaria leaf spot   severity by 72%, 67% and 61% respectively. Bioagents T. 
harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1) significantly 
increses the dry shoot and root weight/plant by (22-55%), (17-31%) and (12.78-
30.81%) respectively in the infested pots over inoculated control at (P<0.05). Greatest 
soil population among the biocontrol agents was recorded for T. harzianum (TNS1), 
the population increased from 0.23x104-4.8x106cfu/g soil (after seed application). The 
second most effective treatment was recorded by P. fluorescens (PNS-1), its 
population increased from 2 x106- 7.5 x106 (after seed treatment). Hence it could be 
concluded that in the pots trial not only three fungicides (mancozeb, hexaconazole 
and carbendazim) were found effective but also the biocontrol agents (T. harzianum 
(TNS1), T. harzianum (TNS3) and P. fluorescens (PNS-1)) were also found effective 
in decreasing the Alternaria leaf spot severity and also significantly increases the dry 
shoot and root weight/ plant at (p≤0.05) 
The next study includes the evaluation of effectiveness of biocontrol agents 
and fungicides applied through seed treatments against Fusarium solani under pot 
condition.The pot trial has demonstrated that F. solani at 4 g/kg soil caused 
significant reduction in the plant growth and yield of Ashwagandha. The disease, 
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however, can be effectively controlled by the use of fungicides and biocontrol agents. 
Among five fungicides tested in pots experiment, three namely carbendazim, carboxin 
and captan were found highly effective in decreasing the wilt severity. Seed treatment 
of these fungicides controlled the disease by 60-65%, 50-53% and 40-44% 
respectively. Among five biocontrol agents tested in pots experiments, three 
biocontrol agents viz; T. harzianum (TNS3), P. fluorescens (PNS-1) and Bacillus 
subtilis (BNS2) were found highly effective in decreasing the wilt severity. T. 
harzianum (TNS3), P. fluorescens (PNS-1) and Bacillus subtilis (BNS2) reduces the 
wilt severity by 62%, 56% and 49% respectively. T. harzianum (TNS3) (29-55%), P. 
fluorescens (PNS-1) (14- 46%) and Bacillus subtilis (BNS2) (10-36%) were also 
found effective in increasing the dry shoot weight/plant and root yield/ plant in pots 
containing fungus.  
Once the efficacy of fungicides and biocontrol agents alone against Fusarium 
solani was evaluated, now, the compatibility between biocontrol agents and 
fungicides should be tested. Compatibility between chemical fungicides and microbial 
antagonists plays a major role in the combined use of chemicals and biopesticides for 
integrated management strategies. In the following study compatibility of biocontrol 
agents (BCAs) with fungicides was evaluated using poison bait method, in order to 
develop their accurate and effective combinations. The compatibility test of 
biocontrol agents has revealed that the fungicide concentrations were tolerated by the 
biocontrol agents isolated from rhizospheric soil of Ashwagandha. Among 
Trichoderma based biocontrol agents highest tolerance limit was recorded for 
Trichoderma harzianum (TNS1). Tolerance for carbendazim was almost half to that 
of captan. Safe tolerance limits (ED50) for T. harzianum (TNS1) were found to be 61 
µg carbendazim/ml, 26 µg copperoxychloride /ml, 232 µg carboxin /ml and 161 µg 
captan/ml. Maximum inhibition (ED90) of the T. harzinaum (TNS1) was recorded at 
524 µg carbendazim/ml, 806 µg carboxin/ml and 1041 µg captan/ml. The next 
compatible isolate of biocontrol agents with fungicides was T. harzianum (TNS3) , for 
which the safe tolerance limit (ED50) were 61 µg carbendazim/ml, 26 µg 
copperoxychloride /ml, 201 µg carboxin/ml and 161 µg captan/ml. Maximum 
inhibition (ED90) of T. harzianum was recorded at concentration 501 µg 
carbendazim/ml, 166 µg copperoxychloride /ml, 786 µg carboxin/ml and 1000 µg/ml. 
Biocontrol agent T. harzianum (TNS2) was found least compatible with carbendazim 
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showing maximum growth inhibition (ED90) at 355 µg carbendazim/ml, and safe 
tolerance limit (ED50) was found 38 µg carbendazim/ml. T. viride and T. harzianum 
(TNS2) expressed least compatiblity to copperoxychloride with maximum 
colonization suppression (ED90) at 96 µg copperoxychloride /ml which was quite 
lower than ED90 for other biocontrol agents; similarly the safe tolerance limit (ED50) 
was 10 µg copperoxychloride /ml which was also much lower. T. viride, T. harzianum 
(TNS2) and T. virens (TVS1) were showed minimum compatibility with carboxin and 
captan having low ED90 and ED50 concentrations. Biocontrol bacteria were found 
more tolerant to fungicides than fungal biocontrol agents. The safe tolerance 
concentration (ED50) for Bacillus subtilis (BNS1) were 101 µg copperoxychloride /ml 
medium, 976 µg carboxin/ml and 3951 µg captan/ml. Although for carbendazim the 
bacteria expressed great tolerance which is upto a concentration of 50,000 µg/ml. B. 
subtilis (BNS1) was found relatively more compatible than B. subtilis (BNS2). 
Pseudomonas fluorescens (PNS1) was found more compatible with fungicides than B. 
subtilis (BNS1). Among P. fluorescens (PNS1) and P. fluorescens (PNS2), the 
greatest compatibility with fungicides was recorded for P. fluorescens (PNS1), 
showing tolerance (ED50) at 2510 µg copperoxychloride /ml, 9736 µg carboxin/ml, 
32,116 µg captan/ml, and 50,000 µg carbendazim/ml (5 g/100 ml). The maximum 
suppression in the growth of the P. fluorescens (PNS2) (ED90) was recorded at 30500 
µg copperoxychloride /ml, 29436 µg carboxin /ml and 39836 µg captan/ml. The 
biocontrol agent P. fluorescens (PNS2) revealed better compatibility with captan and 
its safe tolerance limit (ED50) was found to be 48000 µg captan/ml medium which 
was higher than P. fluorescens (PNS2). Hence out of nine strains of biocontrol agents 
tested for compatibility with four fungicides, viz; carbendazim, copperoxychloride, 
carboxin and captan, it was evident that Trichoderma harzianum (TNS1), 
Trichoderma harzianum (TNS3) and P. fluorescens (PNS1), and B. subtilis (BNS1) 
have the potential to show better compatibility with the fungicides tested. 
The next study was to evaluate effectiveness of combined application of 
selected Biocontrol agents and fungicides against Alternaria leaf spot of 
Ashwagandha under pot condition. The study has revealed that A. alternata at 4 g/kg 
soil caused significant reduction in the plant growth and yield of Ashwagandha. The 
disease, however can be effectively controlled by the combined treatment of 
fungicides and biocontrol agents. The combined treatment includes seed application 
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of biocontrol agents plus foliar spray of recommended doses of fungicides at 30+45 
days after planting (DAP). While studying the efficacy of combined treatments, 
disease severity was effectively controlled by seed treatment of T. harzianum (TNS1) 
plus Foliar spray of mancozeb (0.25%) (30+45 DAS), next in effectiveness was seed 
treatment of P. fluorescens (PNS2) plus Foliar spray of mancozeb (30+45 DAS). The 
next in effective was seed treatment by T. harzianum (TNS1) plus foliar spray of 
mancozeb (0.25%) at 45 DAP followed by seed treatment of T. harzianum (TNS3) 
plus foliar spray of hexaconazole (0.1%). With the above results about decrease in 
disease severity it has been concluded that combined treatments of seed application of 
biocontrol agents plus foliar spray of recommended doses of two fungicides viz 
mancozeb (0.2%) and hexaconazole (0.1%) at 30+45 days have been found not only 
significant in disease suppression but also in increasing the dry shoot weight and root 
weight. In the present experiment the combined treatments with seed application of 
biocontrol agents plus foliar spray of recommended dose of carbendazim was not 
found significant in comparison to mancozeb and hexaconazole 
            The efficacy of integrated application of selected Biocontrol agents and 
fungicides against Fusarium wilt of Ashwagandha under pot condition was tested in 
next study. Among all the combined treatments of carbendazim and carboxin with 
different BCAs, maximum decrease in disease severity (61.5%) was observed in 
combined soil application of carboxin and T. harzianum (TNS3) at 4 g T. harzianum 
(TNS3) /kg soil plus 1 g carboxin /kg seed . Next in effectiveness was combined 
application of the carboxin and P. fluorescens (PNS1) resulted to 58.6% decrease in 
wilt disease at 1 g carboxin/kg seed plus 4 g P. fluorescens (PNS1) /kg soil  followed 
by soil application of carbendazim (10 mg/kg soil) and T. harzianum (TNS3) (4 g/kg 
soil) resulted to 57.5% decrease in wilt incidence. Application of T. harzianum 
(TNS1) significantly (P<0.05) decreased F. solani soil population, whereas non-
significant decrease in F. solani soil population was recorded by seed (1 g/kg seed) or 
soil (10 mg/kg soil) application of carbendazim and carboxin. Maximum (48.8%) 
decrease in F. solani soil population was recorded with integrated treatment of 10 mg 
carbendazim /kg soil + 4 g P. fluorescens (PNS1) /kg soil, which was 18.5% higher 
than the sum of their individual effects. Next ineffectiveness was seed treatment by 
carbendazim + soil treatment by T. harzianum (TNS1) that resulted to 38.5% decrease 
in F. solani soil population. Carbendazim in integration with T. harzianum (TNS3) 
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resulted in 17.5-21.5% greater decrease in the population of F. solani leading to a 
maximum 48.4% decrease. Next in effectiveness was combined application of seed 
treatment of 1 g carbendazim /kg seed and 4 g T. harzianum (TNS3)/kg soil. This 
combination resulted in 44.5% decrease in F. solani soil population which was 
significantly greater than the additive effects. Application of P. fluorescens (PNS1) 
induced significant decrease in the soil population of F. solani, 31.5 and 37.8% with 
seed (4 g/kg seed) and soil (4 g/kg soil) application. The combined application of 
these fungicide and BCA decreased the soil population of F. solani by 45.8% which 
was not significantly greater than sum of. Among all the combinations of carboxin 
with different BCAs maximum increase in dry shoot weight(23%) was recorded in 
combined application of seed treatment by carboxin + soil application by P. 
fluorescens(PNS1) over inoculated control that was 13% higher than the individual 
seed application of the BCA. Next in effectiveness was integrated treatment 1 g 
carboxin /kg seed + 4 g T. harzianum (TNS1) /kg soil, which resulted in 23.4% 
enhancement in dry shoot weight than inoculated control. Highest yield of 
Ashwagandha (48.5 g/plant) was recorded with the treatment comprising of seed 
treatment of carboxin + soil application of T. harzianum (TNS1). This combination 
increased the yield by 34.8% that was 21.6% greater than the yield obtained with soil 
application by the BCA. The treatment next in effectiveness was combined 
application of seed treatment by carboxin and T. harzianum (TNS3) that resulted to 
32.1% increase in Ashwagandha yield being 13.6 % higher than the individual seed 
treatment of the BCA. In general seed treatment by fungicide + soil application of 
BCA emerged as the best treatment to enhance dry shoot weight and yield of 
Ashwagandha in wilt fungus infested plots. Next was seed treatment combined with 
carboxin and BCA. 
Based on the performance of the combined application of seed treatment of 
BCAs and foliar spray of fungicides, out of three fungicides tested in pot conditions 
two were found effective viz., mancozeb and hexaconazole. Some of the most 
efficient combined treatments were seed application of biocontrol agents plus foliar 
spray of recommended doses of fungicides at 30+45 days after planting (DAP). These 
combined treatments with two fungicides mancozeb or hexaconazole and biocontrol 
agents viz; (T. harzianum TNS1, T. harzianum TNS3, P. fluorescens PNS-1) not only 
decrease the disease severity of Alternaria leaf spot but also significantly increases the 
dry shoot weight and root yield/plant under pot conditions 
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The experiments conducted in the field for two consecutive years has demonstrated 
that A. alternata at 4 g/kg soil caused significant reduction in the plant growth and 
yield of Ashwagandha. The disease, however can be effectively controlled by the 
combined treatment of seed application of BCAs and foliar spray of fungicides at 
(30+45 DAP).  The combined treatment of seed application of BCAs and foliar spray 
of fungicides at 45 DAP were not found significant (P<0.005). While studying the 
efficacy of combined treatments, disease severity was effectively controlled by seed 
treatment of T. harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) (30+45 
DAS), next effective was seed treatment of P. fluorescens (PNS2) plus Foliar spray of 
mancozeb (30+45 DAS). The next ineffective was seed treatment by T. harzianum 
(TNS3) plus foliar spray of mancozeb (0.25%) at 30+ 45 DAP followed by seed 
treatment of T. harzianum (TNS3) plus foliar spray of hexaconazole (0.1%) at 30+ 45 
DA. While studying the efficacy of combined treatments on plant dry matter, the 
highest increase in dry shoot and root weight was observed in the combination of T. 
harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) (30+45 DAS). Next 
effective was seed treatment of T. harzianum (TNS3) plus foliar spray of mancozeb 
(0.25%) at 30+ 45 DAP followed by seed treatment of P. fluorescens (PNS2) plus 
Foliar spray of mancozeb (30+45 DAS). Since disease severity was low in case of last 
treatment in comparison to seed application of T. harzianum (TNS3) plus Foliar spray 
of mancozeb (30+45 DAS), this was treated as the second best treatment after seed 
treatment of T. harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) at 30+45 
DAP (P<0.05). 
As evident by the results of previous experiments that among four Biocontrol 
agents tested alone and in combination with fungicides against the wilt severity only 
two viz; T. harzianum (TNS3) and P. fluorescens (TNS1) were found effective. 
However, recommended doses of carboxin and carbendazim suppressed the wilt 
incidence and significant increase in the dry shoot weight and root yield of 
Ashwagandha. Hence in the present experiment lower than the recommended doses of 
the two fungicides were used to enhance effectiveness of the lower. Among all the 
different combinations of carbendazim and carboxin with biofungicides, maximum 
enhancement in plant dry weight greatest increase in plant dry weight (22.5%) was 
recorded with 1 g carbendazim /kg seed + 4 g Pseudomonas fluorescens (PNS1) /kg 
seed. The yield enhancement attained with 4 g T. harzianum (TNS3) /kg soil + 1 g 
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carbendazim /kg seed and seed treatment with carbendazim + soil application by P. 
fluorescens (PNS1) were at par with each other. Highest yield of Ashwagandha (40.17 
g/plant) was recorded with the treatment comprising of seed treatment of carboxin + 
soil application of Pseudomonas fluorescens (PNS1). Seed treatment by fungicide + 
soil application by biofungicide emerged as the most effective treatment in enhancing 
the plant dry matter and yield compared to their individual treatments The field trial 
has demonstrated that integration of carboxin or carbendazim at a dose half of the 
recommended dose significantly enhanced the effectiveness of the biofungicides. 
Integration of carboxin with T. harzianum (TNS3) was found highly effective against 
the Ashwagandha wilt. The combined treatment of carboxin plus T. harzianum 
(TNS3) suppressed the wilt disease by 48-54% and also increased the yield of 
Ashwagandha by 32-37%. 
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INTRODUCTION 
Medicinal plants play a significant role in the life of people and they are used 
in official and various traditional systems of medicines throughout the world, 
benefitting people to prevent disease, maintain health and cure ailments. Out of 
17,000 species of higher plants reported to occur in India, 7500 are known to have 
medicinal values (Shiva 1996), and this proportion of medicinal plants is the highest 
known in any other country against the existing flora of that country (Kala et al., 
2006). In India, total production of medicinal and aromatic plants is about 9.18 lakh 
tons comprising an area of 5.57 lakh hectare under cultivation (Ashashri et al., 2015). 
In the European countries, medicinal and aromatic plants are cultivated on an 
estimated area of 0.7 lakh hactare, the main countries being France, Hungary and 
Spain (Lande, 1998). Medicinal plants have curative properties due to the presence of 
various complex substances of different composition, which are found as secondary 
plant metabolites in one or more parts of these plants. These plant metabolites 
according to their composition are grouped as alkaloids, glycosides, corticosteroids 
and essential oils. The alkaloids form the largest group, among which morphine and 
code (poppy), quinine (Cinchona), reserpine (Rauwolfia), aconitine (Aconite) and 
anolid (Ashwagandha) are of great significance. Glycosides form another important 
group represented by digoxin (Foxglove) and barbolin (Aloe). Some essential oils like 
valerian kutch and peppermint also possesses medicating properties and are used in 
the pharmaceutical industry (Purohit and Vyas, 2007). 
Ashwagandha (Withania somnifera (L.) Dunal), commonly called as ‘winter 
cherry’ is one of the most important medicinal plants cultivated in Africa, 
Mediterranean region and middle east Asia (Pati et al., 2008). The roots, leaves and 
fruits of this medicinal plant possess tremendous medicinal value. They are used in 
many tonics that help proper nourishment of the tissues, particularly muscle and 
bones, and also support the proper function of the adrenals and reproductive system. 
Besides, they also possesses immense therapeutic value against a large number of 
ailments such as mental diseases, asthma, inflammation, arthritis, rheumatism, 
tuberculosis and a variety of other diseases including cancer (Sreeramu and Farooqi, 
2004).  
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In India, Ashwagandha is cultivated in around 10,780 ha with a production of 
8429 tons while the annual demand of this herb increased from 7028 tons during 
2001- 2002 to 9127 tons during 2004-2005 (Srivastava and Sahu, 2013). This 29.8% 
increase in the demand of Ashwagandha has led to an increase in area under its 
cultivation for higher production (Shanmugaratnam et al., 2013). India exports 
Ashwagandha in the form of capsules and dried root powder. The major states 
growing Ashwagandha are Madhya Pradesh, Uttar Pradesh, Rajasthan, Gujarat, 
Maharashtra, Tamil Nadu and Kerala. In Aligarh district of Uttar Pradesh, 
Ashwagandha is cultivated in 950 ha producing 4750q of dried roots and 3.75 q of 
seeds (Ashraf., 2014). 
Ashwagandha is prone to several diseases and pests (Gupta et al., 1993, 
Nagraj and Reddy, 1985).Under field conditions, the plants are damaged by viruses, 
mycoplasmas, bacteria as well as fungal pathogens. The two most destructive fungal 
pathogens of this plant are Alternaria alternata causing Alternaria leaf spot and 
Fusarium solani, causing fusarium wilt. Alternaria leaf spot causes 50-60% yield loss 
(Patiet al., 2008), whereas the yield loss due to fusarium wilt has been estimated by 
55-65% (Bharti et al., 2013). The older and mature leaves are more susceptible to 
infection caused by A. alternata. F. solani causes infection at seedling stage which 
sometimes results incomplete yield loss, however when the infection is caused at a 
later stage, no seed formation takes place or if formed, it is thin, tiny and shrivelled. 
The disease cause considerable damage to the plant during warm and humid climatic 
conditions. In India, the incidence of wilting occurs during April-May and may cause 
30-50% plant mortality (Alam et al., 2007). 
Various options of disease management such as chemical, botanical and 
biological are available and among them chemicals are considered one of the best and 
reliable options but they pose serious health and environmental risks, which have 
limited their use. Biological control offers a method of improving crop production 
within existing resources without a risk of environmental degradation and pest 
resurgence. Biological control strategies are based on the natural principle that each 
living entity has its several adversaries. Hence, suppression in the disease severity is 
achieved through the activity of natural enemies (parasites and predators) of the 
disease causing organism. The mechanism of biocontrol agents (BCA) include 
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competition for nutrients and space to produce metabolites that either impede spore 
germination (fungistasis), kill the cells (antibiosis) or modify the rhizosphere, so that 
pathogens cannot grow. Biocontrol may also result from a direct interaction between 
the pathogen itself and the BCA, as in mycoparasitism involves physical contact and 
synthesis of hydrolytic enzymes, toxic compounds and antibiotics which act 
synergistically with the enzymes. 
Reduction or elimination of soil borne inoculums is one of the effective 
solutions to overcome the problem and this may be achieved easily through fungal 
and bacterial biocontrol agents. The diversity of naturally occurring microorganisms 
of the rhizosphere and phyllosphere and their potential for biological control of plant 
pathogens have been examined extensively (Jayraj et al. 2007). In the recent years, 
biocontrol agents have gained popularity due to their effectiveness, safety and eco-
friendliness and hence, their demand has gradually increased. Several species of 
fungal biocontrol agent, Trichoderma, and bacterial biocontrol agents, Bacillus and 
Pseudomonas have been found effective against a range of crop diseases (Abo-
Elyousr et al., 2014; Dubey et al., 2007). The most common species of Trichoderma 
which have been successfully exploited in biological control of pathogenic fungi are 
T. virens, T. viride and T. harzianum (Benitez et al., 2004). T. viride have been found 
to cause significant reduction in the mycelial growth, spore germination, spore 
production and germ tube formation of A. solani and A. alternata (Latha et al., 
2009).T. harzianum has been found active against F. oxysporum inciting wilt in 
Ashwagandha (Sharma and Trivedi 2010). Trichoderma can even exert positive 
effects on plants with an increase in plant growth Similar reports have also been found 
in case of T. virens (Kumar et al., (bio fertilization) and the stimulation of plant-
defence mechanisms (Chet et al., 1997). 
P. fluorescens, a bacterial biocontrol agent, is one of the most versatile plant 
growth promoters which possess Similar reports have also been found in case of T. 
virens (Kumar et al., pathogens (Hodges et al., 1994; Fanny and Pfender 1997; Gupta 
et al., 2002; Kishore et al., 2005; Jayraj et al., 2007;Mansooret al., 2007; Sen et al., 
2009).The bacterium has been found to reduce the mycelial growth, spore 
germination, spore production and germ tube formation of A. solani and A. alternata 
(Latha et al., 2009). During the biocontrol activity, the bacteria extensively colonize 
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the hyphae of fusarium and form microcolonies on them (Bolwerk et al., 2003). This 
colonization is likely to make the fungus less virulent. Thereduction in disease 
severity in P. fluorescenstreated plants could be attributed to their direct 
antagonism.Their capability to produce siderophoresis not only useful in iron 
acquisition but also interfere in establishing a pathogenic relationship of fusarium 
with host plant (Sayyed and Chincholkar, 2009). Fusaric acid secreted by hyphae of 
Fusarium spp. acts as a chemo-attractant for cells of P. fluorescens (Weert et al., 
2003).Several strains of Bacillus viz., B. subtilis, B. pasteurii, B. cereus, B. pumilus, 
B. mycoides, and B. sphaericus are observed to elicit significant reduction in fungal 
diseases on various host plants (Ryuet al., 2004). The inhibitory effect of 
Pseudomonas and Bacillus strains against A. solani might be due to the production of 
antibiotic substances. Strains of Bacillus spp. have been reported to produce wide 
array of antibiotics viz., 2,4, diacetylphloroglucinol, oligomycin, phenazine, 
pyoluteorin, pyrolnitrin, pyocyanin, iturin, bacillomycin, zwittermycin A and 
surfactinwhich are responsible for their antifungal action (Whipps, 1997; Nielson et 
al., 1998;  Yu et al., 2002).B. subtilis have been found effective in inhibiting the 
mycelial growth of Alternaria species (Devi et al., 2014).Bio efficacy of B. subtilis 
has also been reported against Fusarium spp. inciting root rot in Ashwagandha 
(Mallesh et al., 2009). 
  Botanicals form another important component of eco-friendly approaches of 
fungus management. Botanicals have proved advantageous where the plants in 
question are readily available and accessible, providing an inexpensive and 
environmentally sustainable disease management options. The mechanism of disease 
suppression by plant products and biocontrol agents have suggested that the 
active principles present in them may either act on pathogen directly or induce 
systemic resistance in host plants resulting in reduction of disease development 
(Paul and Sharma, 2002). A number of plant species have been reported to 
possess natural substances that are toxic to many pathogenic fungi (Fawcett and 
Spencer, 1970). Bio-fungicides of plant origin are environmentally safe and non-
phytotoxic. The extract of these plant materials can be easily prepared by farmers 
(Okigbo and Nameka, 2005).Spore germination of F. oxysporum was completely 
inhibited when extracts of Cymbopogon citratus, Diospyros lotus, Datura 
stramonium, Polyalthialongi foliaor Catharanthus roseus were used (Gahukar, 2012). 
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Extracts of Allium cepa, Rosachinensis, Coleus roseus and P. longifolia have also 
been found to cause 80-100% inhibition of the spores of A. alternata (Ramakrishna, 
2008). 
Chemicals are considered as the most effective and efficient means of 
managing various fungal pathogens and are being used in the disease management 
programmes invariably throughout the world (Nene and Thapliyal, 1993). They do 
not directly increase the yield, but protect an inherent yield potential that the grower 
may realize in the absence of disease, thus fungicide application can minimize the 
disease and increase the genetic potential and ultimately yield. Fungicides such as 
carbendazim, thiram (Singh et al., 2003) and carboxin (Dubey et al., 2007; Gupta et 
al., 1997) have been found effective against F. solani on different crops. Similar 
reports have been found in case of Propiconazole causing inhibitory effect on the 
growth of A. alternata (Mallikarjun, 1996; Gohel and Solanki, 2012). Application of 
fungicides leads to adverse effects on beneficial microorganisms in the soil, however, 
if applied judiciously, the doses and cost may decrease considerably leading to lesser 
risk of toxicity. Under field condition the efficacy of fungicides depend on factors like 
disease prevalence, virulence of the disease, environment and susceptibility of the 
host. However, in the presence of the pathogen, the level of economic response to 
fungicide applications is primarily driven by the prevailing environmental conditions 
and their interactions with crop development and the pathogen. 
It has been frequently observed that a single method has certain limitation in 
disease management and is not always found to provide effective and economic 
control of diseases. Therefore, integration of various suitable tactics may lead to an 
environment suitable, economically viable and practically feasible approach of 
managing fungal diseases in plants. An additional advantage of this method is the 
minimum dose of fungicides required to suppress the pathogens in comparison to the 
treatment of fungicides alone. Under this situation, an integrated approach consisting 
of a lower dose of fungicide in conjugation with biocontrol agents is essentially 
needed to develop an economically viable and ecologically sustainable management 
of Alternaria leaf spot and Fusarium wilt disease of Ashwagandha. With these 
objectives following experiments were conducted to develop an integrated module 
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consisting of biocontrol agents and fungicides to manage fungal diseases viz., 
Alternaria leaf spot and Fusarium wilt in Ashwagandha. 
Objectives:  
1. To identify the resistant indigenous germplasm of Ashwagandha against 
Alternaria leaf spot. 
2. To identify the resistant indigenous germplasm of Ashwagandha against 
Fusarium wilt. 
3. In-vitro effectiveness of fungicides and biocontrol agents against Alternaria 
alternata and     Fusarium solani. 
4. To identify best option among the selected fungicides and biocontrol agents 
against Alternaria leaf spot under pot condition. 
5. To identify best option among the selected fungicides and biocontrol agents 
Fusarium wilt under pot condition. 
6. To develop an integrated management module consisting of biocontrol agents 
and fungicides for Alternaria leaf spot under field condition. 
7. To develop an integrated management module consisting of biocontrol agents 
and fungicides for Fusarium wilt disease of Ashwagandha under field 
condition 
Chapter – Two 
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REVIEW OF LITERATURE 
The family Solanaceae is comprised of 84 genera that include about 3000 
species, scattered throughout the world. This family is well known for its medicinal 
properties like immunomodulatory, mental disability and depression disorders 
(Choudhary et al., 1995). Among the members, the genera Withania plays an 
important role in the indigenous medicine of Southeast Asia, it is one of the most 
valuable and widely used medicinal herb. The use of ashwagandha in Ayurvedic 
medicine extends back over 3000 to 4000 years to the teachings of an esteemed sage 
Punarvasu Atriya (Upton et al., 1996).   The twenty-three known species of genera 
Withania are widely distributed in the drier parts of tropical and subtropical zones, 
ranging from the Canary Islands, the Mediterranean region and Northern Africa to 
Southwest Asia (Hepper, 1991; Hunziker, 2001). Among them, only two species W. 
somnifera and W. coagulans are economically and medicinally significant, being used 
and cultivated in several regions (Javanshir, 2000; Panwar and Tarafdar, 2006). 
Ashwagandha is commonly known as “Indian Winter cherry” or “Indian Ginseng”. It 
is considered as health care food supplement. Roots and leaves of this plant are 
proven to have a wide range of pharmacological activity.  More than 200 Ayurvedic 
formulations use Ashwgandha as main ingredient. The roots of the plant are 
categorized as rasayanas, which are reputed to promote health and longevity by 
augmenting defense against disease, arresting the ageing process, revitalizing the 
body in debilitated conditions, increasing the capability of the individual to resist 
adverse environmental factors and by creating a sense of mental well-being and act as 
memory enhancer (Ashashri et al., 2015). The plant is indigenous to India and it 
grows throughout the country. Several types of alkaloids, withanolides, glycosides, 
glucose and free amino acids are the major chemical constituents of this plant.  
Ashwagandha is hardy and drought tolerant plant Botanically it is a small, 
erect, branched, evergreen, tomen-tose woody shrub that grows up to 150-170 cm tall. 
Roots are stout, fleshy and whitish brown in colour. Leaves simple, petiolate, elliptic-
ovate to broadly ovate, entire, exstipulate, cunate or oblique, glabrous, up to 10 cm 
long, those in the floral region are smaller and opposite. Flowers are inconspicuous, 
greenish or lubrid-yellow, pedicellate, 4-6 mm in diameter, axillary, umbel-late cymes 
occurring in 5-25 clusters. Berries are small, globose, bright orange-red when mature, 
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5 mm in diameter, enclosed in the persistent calyx containing numerous seeds. Seeds 
are small, smooth, yellow, reniform, 2 mm long, 1.5-2 mm wide and 0.5 mm thick 
(Farooqi and Sreeramu, 2004 ). 
Uses of Ashwagandha  
National Medicinal Plant Board includes Ashwagandha in 32 prioritized 
medicinal plants (Ashashri et al., 2015). It is widely used, Ayurvedic herb it appears 
in World Health Organisation (WHO) monographs on selected medicinal plants and 
an American herbal Pharmacopoeia is also forthcoming (Mirjalili, Elizabeth Moyano 
et al ., 2009). Ashwagandha enjoys a significant therapeutic reputation in allopathic, 
homeopathic, Unani, and Ayurvedic systems of medicine (Masroor & Shafia 2012). 
The demand of ashwagandha in herbal market was estimated to be 9127.5 tonnes per 
annum in the year 2004-05, based on the trend, the current demand of aswagandha per 
annum would be around 12500 tonnes (Ashashri et al., 2015). Antimicrobial effects 
(Girish et al., 2006) and antivenom activity via hyaluronidase inhibition have been 
reported in Ashwagandha by Machiah et al., 2006. The antiparkinsonian effect of 
Ashwagandha extracts has also been attributed to potent antioxidant (Scartezzini and 
Speroni, 2000), antiperoxidative and free radical quenching properties (Ahmad et al., 
2005) providing a hope for treatment of parkinson disease. The root smells like horse 
(“ashwa”), that is why it is called Ashwagandha (on consuming it gives the power of 
a horse). Root of Ashwagandha is a potential source of hypoglycemic, diuretic and 
hypocholesterolemic agents (Andalu and Radhika, 2000). There are few scientific 
studies of the health benefits of Ashwagandha on Chronic fatigue, dehydration, bone 
weakness, muscle weakness and tension, loose teeth, thirst, impotency, premature 
ageing, emaciation, debility, constipation, senile, debility, rheumatism, nervous 
exhaustion, memory loss, Spermatorrhoea (Mirjalili et al., 2009; Scartezzini et al., 
2000). It also helps in leucorrhoea, boils, pimples, flatulent colic, worms and piles 
(Misra, 2004). The leaves are bitter and are recommended in fever, painful swellings. 
The flowers are astringent, depurative, diuretic and aphrodisiac. The seeds are 
anthelmintic and combined with astringent and rock salt remove white spots from the 
cornea.  
Ashwagandharishta prepared from it is used in hysteria, anxiety, memory loss, 
syncope, etc. It also acts as a stimulant and increases the sperm count (Sharma, 1938). 
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Ashwagandha possesses immense therapeutic potential and is known for its 
immunomodulatory (Malik et al., 2009; Rasool & Varalakshmi, 2006), anti-stress 
(Archana & Namasivayan, 1998), cardioprotective (Mohanty et al., 2004), anti-aging 
(Singh, Narsimhamurthy, & Singh, 2008), antioxidant, anti-inflammatory (Mishra et 
al., 2000), anti-tumor (Wadhwa et al., 2013; Widodo et al., 2007, 2008), 
neuroprotective, and anti-brain cancer activities (Kataria, Shah, Kaul, Wadhwa, & 
Kaur, 2011; Kataria, Wadhwa, Kaul, & Kaur, 2012, 2013). The medicinal properties 
of Ashwagandha are attributed to the presence of a wide array of secondary 
metabolites, including alkaloids [tropine, pseudotropine, hygrine, 3-
trigloyloxytropine, cuscohygrine, choline, dl-isopelletierine, anaferine, anahygrine, 
and withanosomine (Schröter, Neumann, Katritzky, & Swinbourne, 1966; Schwarting 
et al., 1963), flavanol glycosides [6,8-dihydroxykaempferol 3-rutinoside, quercetin 
and its 3-O-rutinoside and 3-rutinoside-7-glucoside (Kandil, El Sayed, Abou-Douh, 
Ishak, & Mabry, 1994)], glycowithanolides [sitoindoside VII to X (Bhattacharya, 
Satyan, & Ghosal, 1997)], steroidal lactones [withanolide A, withanolide D, 
withanone, withaferin A, sterols, and phenolics (Chatterjee et al., 2010; Chaurasiya, 
Sangwan, Misra, Tuli, & Sangwan, 2009; Chaurasiya, Sangwan, Sabir, Misra, & 
Sangwan, 2012; Ghosal, Kaur, & Shrivastava, 1988; Sangwan et al., 2008; Xu, Gao, 
Bunting, & Gunatilaka, 2011) 
Distribution of Ashwagandha 
Twenty-three species of Ashwagandha are so far known which are widely 
scattered throughout the drier parts of tropical and subtropical zones, ranging from the 
Canary Islands, the Mediterranean region and Northern Africa to Southwest Asia 
(Hunziker, 2001). It is found wild in grazing grounds in Mandsaur and the forest lands 
in the Bastar district of Madhya pradesh, all over the foothills of the Punjab and 
Himachal Pradesh and Western Uttar Pradesh and Uttarakhand in the Himalayas. The 
major Indian states engaged in the commercial cultivation of Ashwagandha are 
Madhya Pradesh, Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, Tamil Nadu, Kerala 
and Andhra Pradesh. Two species of Ashwagandha which are economically and 
medicinally important and are commercially cultivated in several regions of India are 
Ashwagandha and W. coagulans (Panwar and Tarafdar, 2006). W. congulans, a rigid 
grey undershrub, 60-120 cm high is found growing wild in Punjab, Sindh and 
neighbouring regions. The crop is cultivated in an area of about 4 000 ha in India,  
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mainly in the drier parts of Manasa, Neemuch and Jawad tehsils of  the Mandsaur 
District of Madhya Pradesh, in Punjab, Sind, Rajasthan and South India. In 
Karnataka, its cultivation has been reported in the Mysore district. 
Taxonomy of Ashwagandha 
Kingdom : Plantae 
Division : Tracheophyta 
Sub Division : Spermatophytina 
Class  : Magnoliopsida 
Order         : Solanales  
Family : Solanaceae 
Genus  : Withania 
Species : Somnifera 
Morphology & Description of Ashwagandha 
Ashwagandha belongs to the family Solanaceae. This is an erect, herbaceous, 
evergreen, shrub, 130-150 cm high with small berries which are initially green and 
turns to red on maturity. All its parts are covered with whitish, stellate hairs. 
Branching is extensive, the leaf is ovate, entire, thin, its base is cuneate and is densely 
hairy beneath. The flowers are bisexual, greenish or lurid yellow, axillary, in clusters 
of about 25 forming umbellate cymes, sessile or subsessile. The fruit is a berry, 7 mm 
across, red, globose, smooth, enclosed in an inflated, membranous, some what 5-
angled, pubescent, persistent calyx. The fruits turn orange-red in colour when they 
mature. The seeds are yellow to light brown in colour and reniform in shape, 2 mm 
long, 1.5-2 mm wide and 0.5 mm thick (9). The flowering  season is from July to 
September and the ripened fruits are accessible in  December. The commercial drug 
consists of the dried roots of W somnifera, which occur in small pieces, 10.0 to 17.5 
crn long and 6.12 mm in diameter. The base of the stem is also used. The pieces are 
dark-brown with a creamy interior. They are straight, unbranched and conical. The 
main roots bear fibre-like secondary roots. Their outer surface is buff to greyish-
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yellow or sometime light brown with longitudinal wrinkles. The stem- bases are 
thickened, cylindrical and green and have longitudinal wrinkles. The roots have a 
short and uneven structure, a strong odour and a mucilaginous, bitter and acrid taste. 
The young tuberous and older roots have distinct macroscopic and microscopic 
characters.  
Soil and Climate  
In India, it is distributed from 230 N-330 N, from 180-1700 m above mean 
sea level. The crop grows well in well-drained sandy, sandy loam or light textured 
red/black soils having a pH of 7.5-8.0 (Rajeshwari Rao et al, 2012), with good organic 
matter and drainage. The semi-tropical areas receiving 500-750 mm rainfall are 
suitable for cultivation of this rained crop. The crop requires dry season during its 
growing period. Temperature between 20 ºC to 35 ºC is most suitable for cultivation. 
Late winter rains are conducive for the proper development of the plant roots 
Cultivation  
In India Ashwagandha is commercially cultivated in Madhya Pradesh, 
Gujarat, Maharashtra, Rajasthan, Haryana, Punjab, Karnataka and Uttar Pradesh are 
the main producing states of this crop. In MP Neemuch and Mandsaur alone 
cultivated as in more than 5000 ha and in India it is cultivated under 10768 hactare 
Land (Ashashri et al., 2015). In Aligarh district of Uttar Pradesh, Ashwagandha is 
cultivated in 950 hactares producing 4750 quintal of dried roots and 3.75 quintal of 
seeds (Annonymous, 2012). The Central Institute of Medicinal Aromatic Plants, 
Lucknow, India has developed complete agro-technology for cultivation of 
Ashwagandha. It has also carried out organic cultivation and processing of 
Ashwagandha root with certification from the international organic certification 
agency ESCOCERT South Africa (Sharma, 2004). 
Direct Sowing  
In this case, the seeds are sown directly in the main field by broad-casting 
them. After broad casting manually the seeds are covered by thin layer of soil by 
sweeping the whole field. Since it is largely grown as a rainfed crop, the sowing is 
determined by the monsoon. After receiving one or two showers, the field is 
thoroughly prepared, divided into plots of convenient sizes and the seeds are sown 
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during the second week of July. A seed rate of 10-12 kg/ha is required for this 
method of planting.  
YIELD  
The crop produces 400-1200 kg/ha. Dried roots and 200-500 kg 
seeds/hactare. Good selling roots are selling at a price of 250-300/ kg and seeds at Rs. 
40-100/kg. the cost of cultivation work out to Rs. 15000-25000/hac. The net profit 
ranges from Rs. 25000-155000/ha. Additional returns can be earned by selling seeds 
and leaves (Rao et al., 2012) 
Germplasm  
The major varieties under cultivation are WS-20(JA-20) and WS-22 
developed by Jawahar Lal Nehru Krishi Vishawavidhalaya, Mandsore while WSR 
was developed by RRL, Jammu. 
Rakshita and Poshita variety of Ashwagandha were developed by CIMAP 
Lucknow. Nagori is a local variety with starchy roots botanically it is Withania 
ashwagandha kaul. In addition Regional Research Laboratory, Jammu, India has also 
developed a complete Protocol for the micro propagation of Ashwagandha. Forty 
eight accessions along with two check varieties JA-134 and JA-20 were characterized 
using RAPD and ISSR markers at DMAPR, Anand the alkaloid content in the 
germplasm varied from 0.16 to 0.66%. Out of sixty eight lines evaluated for thirteen 
characters at RVSKVV, Mandsaur, MWS-90-142 recorded the highest dry root yield 
(620 kg ha-1) while three promising lines were tested at AAU, Anand and AWS 1 
outperformed over the three check varieties in terms of dry root yield (Anonymous 
2012., Annual report. DMAPR). Five promising entries of early maturing annual 
types were tested at MPUAT, Udaipur and UWS 10 outperformed over all the check 
varieties, similarly in another  trial, 11 promising annual types were tested and five 
lines had significantly higher dry root yield than the best check RAV-100 producing 
yield of 1005 kg/ ha (Anonymous 2012., Annual report. DMAPR) 
Active constituents  
Pharmaco-chemical analysis of Ashwagandha has revealed a very large 
number of bio-active compounds (Gupta et al., 1977). Alkaloids (Majumdar, 1952, 
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1955) and steroidal lactones i.e. withanolides are the most important bioactive 
constituents of Ashwagandha (Ali et al., 1997) and about 138 withanolides with both 
β and α side chains has been reported till now. In Indian variety 13 dragendroff 
positive alkaloids have been reported (Gupta and Rana, 2007). Roots and leaves of 
type WSR evolved by Regional Research Laboratory, Jammu contains Withanolide-A 
as the major constituent with appreciable quantity of Withanone and traces of 
Withaferin-A (Bhakuni and Jain, 1995). The other alkaloids are somniferine, somnine, 
somniferinine, withananine, pseudowithanine, tropine, pseudotropine, 3-a-
glyoxytropane, choline, cuscohygrine, isopelletierine, anaferine, anahydrine. 
Currently, research attention focuses on ergostane-type steroidal lactones, the most 
important ones being withaferin A and a number of withanolides I, II, III (Abraham et 
al., 2001) and A, D, E, F, G, H, I, J, K, L, M (Kirson et al., 1971) WS-I, P and S, 
withasomidienone, withanolide C , and alkaloid viz., cuscohygrine, anahygrine, 
tropine, pseudotropine, anaferine, isopellaterine, 3-trophyltigloate), withadienolides, 
withasomniferols and withanone, and on the related glycosides called sitoindosides 
and withanosides. A dimeric thiowithanolide, ashwagandhanolide, has been isolated 
from the roots (Gurib-Fakim, 2008). 
In traditional home medicine, Ashwagandha leaves (Jayaprakasam, Zhang, 
Seeram, & Nair, 2003) and roots (Kumar et al., 2011) are mainly used for herbal 
formulations. However, bark, seeds (Kulmi & Tiwari, 2005), and fruits are used only 
rarely (Bolleddula, Fitch, Vareed, & Nair, 2012; Lal, Misra, Sangwan, & Tuli, 2006). 
Recently, a total of 62 major and minor primary and secondary metabolites from 
leaves and 48 from roots have been identified, out of which 29 are common to both 
(Figure 1). It is also reported that the distribution of secondary metabolites varies 
significantly with respect to different tissues, developmental stages, and chemotypes 
(Chatterjee et al., 2010; Dhar et al., 2013). Withaferin A and withanone are major 
metabolites present in leaves, whereas withanolide A is principle metabolite found in 
roots (Figure 2). Further, NMR and HR-MAS NMR studies on different chemotypes 
of Ashwagandha show a clear distinction in the metabolome of different organs 
(Bharti, Bhatia, Tewari, Sidhu, & Roy, 2011; Namdeo et al., 2011). NMR 
spectroscopy reveals that the leaves of W.somnifera have the most wide array of 
metabolites which includes amino acids, flavonoids, lipids, sugars, organic acids, 
withanolides, trigonelline, ferulic acid, tryptamine, and kaempferol glycosides 
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(Namdeo et al., 2011). The NMR spectra also reveal the presence of two types of 
withanolides: 4-OH and 5,6-epoxy withanolides (withaferin A-like steroids) and 5-
OH and 6,7-epoxy withanolides (withanolides A-like steroids). It was further 
observed that ratio of these two withanolides was a major discriminating feature of 
Ashwagandha leaf samples from different origins (Namdeo et al., 2011). Likewise, 
NMR technique has also been employed for qualitative and quantitative analysis of 
metabolites in Ashwagandha fruits in different chemotypes (Bhatia, Bharti, Tewari, 
Sidhu, & Roy, 2013) and during different stages of development (Sidhu et al., 2011). 
It was observed that the early stages of fruit development had relatively higher 
concentrations of withanolides, alanine, aspartate, choline, phosphocholine, sucrose, 
and caffeic acid, whereas higher accumulation of citrate and withanamides was 
observed during maturation phase. Hence, identifying particular stage when fruits can 
be harvested for obtaining significant amount of bioactive ingredients is critical. 
Diseases of Ashwagandha 
Ashwagandha is prone to several diseases and pests (Maiti et al, 2007, Gupta 
et al., 1993, Nagraj and Reddy, 1985), viruses (Pathak and Raychoudhuri, 1967), 
phytoplasmas (Khan et al, 2006; Samad et al, 2006), insects (Kumar et al, 2009; 
Sharma and Pati, 2011), and nematodes (Sharma and Pandey, 2009). A number of leaf 
eating pests (mites, aphids, beetles) and diseases (seedling blight, leaf blight, die back 
etc.) are reported on Ashwagandha. Under field conditions, the plants are damaged by 
viruses, mycoplasmas, bacteria as well as fungal pathogens.  
A. Leaf spot disease of Ashwagandha caused by Alternaria alternata is the most 
prevalent disease. It was first reported by Pandey & Nigam 1985. The disease 
has been causing considerable demage to the commercial fields of 
Ashwagandha during warm and humid climatic conditions. Infection often 
leads to serious defoliation. Leaf spot caused by Alternaria alternata is the 
most prevalent and responsible for substantial biodeterioration of its 
pharmaceutically important constituents (Pati et al, 2008). 
B. Leaf spot of Ashwagadna caused by Pithomyces charotarum (Verma et al., 
2007). 
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C. Another leaf spot disease caused by Myrothecium roridum first reported by 
Maharishi 1986, initial symptoms appeared as small, dull, yellow to brown 
colored water soaked spots on the leaves with a brown to violet margin and 
surrounded by chlorotic hallow. Incidence of the disease is low but its 
appearance in rainy season inhibits the growth of the plant.  
D. Damping off Ashwagandha seedling was reported by Gupta et al., 1993. 
E. Wilt of Ashwagandha caused by Fusrium spp.  was reported (Gupta et al., 
2004, Bharti et al.,2014, Sharma and Trivedi 2010). It is the serious disease of 
the host in the nurseries as well as the in the commercial fields. Sometimes the 
disease causes complete failure of the crop.  
F. Root knot of Ashwagandha caused by Meloidogyne incognita (Pandey and 
Kalra, 2003). The disease mainly infest roots which is the main source of 
valuable drugs, hence the disease is of great importance. Highly infested 
plants had several galls and most of the time it was observed that whole root 
system is converted into big galls. Underground root which major source of 
the disease is totally deformed. 
G.  Witches broom of Ashwagandha is caused by Phytoplasma (Zaim and Samad, 
1995, Khan et al., 2006). In the year 1988 a serious outbreak of the disease 
was repoted in the fields of Ashwagandha at Central Institute of Medicinal & 
Aromatic Plants (CIMAP) Lucknow. 
H. Only a few reports are available about virus infection on Ashwagandha, It was 
found as natural host of Tobacco leaf curl virus (Pathak and Raychaudhuri, 
1967). 
I. In Jordan, Ashwagandha was found a natural reservoir of Eggplant mottled 
dwarf virus in the absence of brinjal (Al-Musa and Lockhart, 2008). 
J. There was found heavy infestation of Carmine spider mite (Tetranychus 
cinnabarinus) on W. somnifera (Rai and Singh, 1996). The mites penetrate the 
leaf tissues with the help of cheliceral - stylets and the liberated plant fluid is 
then sucked in. The removal of chlorophyll and plant pigments results in 
characteristic blotching of the leaves. In heavy infestations, the mites produce 
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web all over the plant surface. The mites develop rapidly on its host plants 
causing distress and quick death of the plants (Banerjee, 1989). 
The two most destructive fungal pathogens of this plant are Alternaria 
alternata causing alternaria leaf spot and Fusarium solani, causing fusarium wilt. 
Alternaria leaf spot causes 50-60% yield loss (Pati et al., 2008), whereas the yield loss 
due to fusarium wilt has been estimated by 55-65% (Bharti et al., 2013). The older 
and mature leaves are more susceptible to infection caused by A. alternata. F. 
oxysporum causes infection at seedling stage which sometimes results in complete 
yield loss, however when the infection is caused at a later stage, no seed formation 
takes place or if formed, it is thin, tiny and shrivelled. The disease cause considerable 
damage to the plant during warm and humid climatic conditions. In India, the 
incidence of wilting occurs during April-May and may cause 30-50% plant mortality 
(Alam et al., 2007). Like other cultivated plants medicinal and aromatic plants are 
also attacked by a number of fungi, bacteria, viruses and nematodes leading to 
significant quantitative and qualitative loss. Most of the diseases are of fungal origin 
(Paul and Singh 2002). Survey of medicinal plant fields by four consecutive years 
confers the Alternaria blight diseases were very common in in various districts of 
West Bengal, India (Maiti et al. 2007a, 2007b, 2007c). Medicinal plants should be 
free from microbial infection in general and fungal infection in particular because in 
the most of the cases fungi infecting the leaves of medicinal plants directly affect 
photosynthesis by reducing the productivity and formation of secondary metabolites. 
In addition, the fungal infection also sometimes degrades the quality of medicinally 
important active principle (D’Aulerio et al., 1995; Chutia et al., 2006; Pati et al., 
2008; Shivanna and Mallikarjunaswamy, 2009). Moreover, the pathogenic micro-
organisms can also produce different types of toxins during pathogenesis, which may 
alter the nature of the active principle leading to serious health hazards instead of 
curing the diseases. 
Alternaria Leaf Spot  
Ashwagandha is prone to several diseases and pests (Gupta et al., 1993, 
Nagraj and Reddy, 1985). Under field conditions, the plants are damaged by viruses, 
mycoplasmas, bacteria as well as fungal pathogens. The two most destructive fungal 
pathogens of this plant are Alternaria alternata causing alternaria leaf spot and 
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Fusarium solani, causing fusarium wilt. Leaf spot disease of Ashwagandha caused by 
Alternaria alternata is the most prevalent disease (Pati et al., 2008). It was first 
reported by Pandey & Nigam in the year1985. Pati et al 2008 reported that the disease 
causes 50-60% yield loss. They also investigate disease profi le of Ashwagandha, and 
observed that leaf spot is the most prevalent disease. Repeated isolations from 
infected leaf tissues and pathogenicity tests showed the association of fungal pathogen 
identified as Alternaria alternata (Fr.) Keissler. Scanning electron microscopy showed 
various histological changes in the leaf tissues of infected plants. A decrease in total 
content of reducing sugars (20%) and chlorophyll (26.5%) was observed in diseased 
leaves whereas an increase was noticed in proline (25%), free amino acids (3%) and 
proteins (74.3%). High performance thin layer chromatography (HPTLC) analysis of 
second- ary metabolites viz. withanolides, withaferin-A and total alkaloids of the 
diseased leaves vis-à-vis control revealed reduction in withaferin-A and withanolides 
contents by 15.4% and 76.3% respectively, in contrast to an increase in total alkaloids 
by 49.3%, information hitherto unreported in Ashwagandha. Pati et al., 2014 reported 
that Ashwagandha is highly prone to leaf spot disease caused by Alternaria 
alternata,that may affect the quality of crude herbal drugs.  
Alternaria alternata (Keissler, 1912) 
Kingdom : Fungi 
Phylum : Ascomycota 
Subdivision :       Pezizomycotina 
Class  : Dothideomycetes 
Order  : Pleosporales 
Family : Pleosporaceae 
Genus  : Alternaria 
Species : Alternata 
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 The genus Alternaria was first described in 1817, with Alternaria tenuis as the 
type isolate. Keissler (1912) found ambiguities in descriptions of A. tenuis and 
synonymised both A. tenuis to Alternaria alternata. The telomorphs (sexual stage) are 
known in a very few species and placed in the genus Pleosporaof Loculoascomycetes 
(under Sub-division: Ascomycotina), in which sleeper-shaped, muriformascospores 
are produced inbitunicateasci (Verma and Verma, 2010). Alternaria are best known 
for their role as plant pathogens and the USDA Fungal Host Index contains over 
4,000 plant-host associations in this genus, ranking it 10th in terms of total number of 
host associations out of nearly 2000 fungal genera (Bills et al., 1987). The A. alternata 
species group alone is recorded as causing disease on over 100 host plants (Thomma, 
2003). This includes economically important crops including cereals, ornamentals, 
vegetables and fruits, with losses incurred through direct crop damage, postharvest 
spoilage or through contamination with mycotoxinsSince the genus’ conception, over 
1000 Alternaria species have been described. Many of these species names are invalid 
as they have since been classified into other genera, or because they lack type 
specimens (Simmons, 2007). The continued revision of the genus reflects its diverse 
nature, possessing considerable variation in spore structure and being identified in 
many different ecological niches. 
Morphology 
 Most classification of the Alternaria spp. has been based on morphology. This 
understanding was brought together through the life-work of E.G. Simmons who 
published 355 essays and papers on Alternaria morphology (Simmons, 
1967,Simmons, 1981, Simmons, 2003). This work was subsequently summarised in 
an identification guide for the Alternaria genus, re-describing 275 morphological 
species (Simmons, 2007). The Alternaria genus is characterised by large, 
multicellular, melanised conidia. which can possess both longitudinal and transverse 
septae. Spores are typically broadest at the base and taper towards the end. The 
tapering at the end of spores is commonly referred to as a “beak”. Spores are 
produced on conidiophores often in chains, that may be branching or lead to 
secondary conidiophores that produce further spores. It is mainly the individual spore 
characters and the patterns of sporulation that are used to differentiate morphological 
species within the genus. A. alternata colonies are approximately 40 mm in diameter 
at seven days consisting of chains of 4-6 conidia on short conidiophores. The typical 
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sporulation pattern comprises a single sub-erect conidiophore and an apical cluster of 
branching chains of small conidia separated by short secondary conidiophores. Single 
chains of conidia may have up to 15-20 conidia. Spores at the base of the chain are 
more ellipsoid with dimensions 25-30 µm x 5-9 µm with transverse septae and a few, 
or no longisepta Subsequent spores are 7-25 µm x 5-12 µm with 1-7 (commonly 
three) transeptae with few longisepta.  
Host range 
Alternaria is a large genus of worldwide distribution. Its species are mostly 
polyphagous fungi and responsible for causing leaf spot diseases in number of 
economically important crop plants. Alternaria diseases are among the most common 
diseases of many plants throughout the world and the total yield losses caused by the 
fungus on its wide range of host some time exceeds the total yield loss caused by any 
other pathogen (Agrios, 1997). The pathogen proved to be more devastating and 
causes one of the world’s most catastrophic disease i.e. early blight of tomato, it also 
causes stem canker of tomato,   leaf lesions on Asian pear,  lesions on Blumea aurita,   
cumin blossom blight,   leaf blight on carrot,  infestation in cole crops,  ringspot 
disease of pears, infestation in  wheat,  infection in tobacco. Alternaria alternata also 
causes leaf spots and blights of important medicinal plants as leaf spot of Mint 
(Mentha arvensis L.) (56 ) leaf spot of ocimum sanctum, leaf spot of Henbane 
(Hyoscyamus niger) (26), leaf spot of Aloe (Lakshmi and Valluvaparidas 2008),  Leaf 
spot of  stevia (Maiti et al., 2006) and pomegranate (Madhukar and Reddy, 1976). 
Alternaria leaf spot of Ashwagandha was first reported by Thakur & Singh 1996 and 
later it was also reported by Pati et al 2008 from Amritsar India while the later also 
observed the disease is the most prevalent. The disease has been causing considerable 
demage to the commercial fields of Ashwagandha during warm and humid climatic 
condition. The older and mature leaves are more susceptible to infection. When 
Alternaria attacks the host leaf, morphologically it produces a series of concentric 
rings around the initial site of attack. This gives a "target spot" effect that is associated 
with early blights & leaf spots. Species of the genus are cosmopolitan and can survive 
as saprophytes as well as weak parasites.  
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Toxin characterisations 
 An acquisition of factors allowing pathogenicity on particular hosts has been 
suggested to have led the transition in Alternaria alternata from a saprophytic to a 
plant pathogenic lifestyle (Lawrence et al., 2008). These factors are referred to as 
being “host-specific” or “host-selective” on account of their providing specific 
pathogenicity to a particular host or range of hosts. The term “host-selective toxin” 
(HST) is typically used as these toxins may confer pathogenicity to a range of hosts 
(Maekawa et al., 1984, Itoh et al., 1993). Host-selective pathogenicity in A. alternata 
is determined by the production of host selective toxins (HSTs). Tsuge et al. (2013) 
summarises previous definitions of a HST as “a compound that possesses the 
following characteristics: (1) host-selective toxicity, (2) selective toxicity matching 
the specificity of the HST-producing pathogen, (3) plants insensitive to the HST must 
be resistant to the pathogen producing the compound, (4) the compound can 
reproduce the initial physiological changes in host cells caused by the HST-producing 
pathogen and (6) the initial physiological changes caused by HST in host cells leads 
to penetration or initial colonisation by the HSTproducing pathogen.” These criteria 
have been met for eleven taxa within the Alternaria genus (Table 5.1) (Gilchrist and 
Grogan, 1976, Kohmoto et al., 1977, Kohmoto et al., 1979, Maekawa et al., 1984, 
Otani et al., 1985, Bains and Tewari, 1987, Kodama et al., 1990, Kohmoto et al., 
1993, Nutsugah et al., 1994, Otani et al., 1998, Quayyum et al., 2003). 
Disease symptom 
Alternaria leaf spot is one of the most devastating  disease of Ashwagandha, it 
causes 50-60% yield loss (Pati et al., 2008). Multicellular pigmented spores are 
produced in chains or in branching fashions. The spores are broadest near the base 
and taper gradually to an elongate beak. When Alternaria attacks the host leaf, 
morphologically it produces a series of concentric rings around the initial site of 
attack. The older and mature leaves are more susceptible to infection caused by A. 
alternata 
Life cycle and disease development 
The mycelium of the fungus remains viable in dry infected leaves for a year or 
more. Conidia have been found to remain viable for 17 months at room temperature. 
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The fungus can survive in susceptible weeds or perennial crops (Rangel, 1945; Chupp 
and Sherf, 1960; Maude and Humpherson-Jones, 1980a, b). Presence of infected 
crops left on the ground after harvest also serves as a source of infection for majority 
of the Alternaria species. In one study, infected leaves of oilseed rape and cabbage 
placed outdoors on soil produced viable spores for as long as leaf tissues remained 
intact. For oilseed rape, this was up to 8 weeks and for cabbage up to 12 weeks 
(Humpherson-Jones, 1989). This type of spread is likely to occur in seedling beds as 
well, and seedlings from infected seed beds can carry the inoculum to the field 
(Rangel, 1945). Mycelium and conidia thus survive in the soil on diseased plant 
debris to cause primary infection to the next crop season. Infection of lower leaves 
first takes plce through conidia formed on soil. Secondary spread of the disease occurs 
through conidia developed on primary spots. These conidia are disseminated by wind, 
water and insects. Infection occurs as a rule through the stomata but direct penetration 
may also take place. Incubation period varies from 48 to 72 hours. Generally the the 
disease becomes serious when the season begins with abundant moisture or frequent 
rains followed by warm and dry weather. These conditions are unfavourable for the 
host and favour disease development. Weak plant are more susceptible than plant with 
good vigor.According to Rajkumar et al., 1983 plants grown with balanced fertilizers 
suffers least demage. In spring  grown crops higher mean temperature (19.2ºC - 31.1 
ºC), frequent rains but shorter duration of relative humadity above 80% the absence of 
dew during most part of season, longer photoperiods and prolonged senescence of the 
plants were related to low sporulation, restricted size of lesions and moderate intensity 
of the disease. In autumn grown crops, moderate mean temperature (13.6ºC - 23.6ºC), 
adequate moisture in the form of dew, infrequent rains but longer period of relative 
humidity more than 80% and shorter photoperiods favoured faster development of 
disese. 
Yield losses 
 A great number of species were recorded for the genus Alternaria infecting 
different crops causing world-wide economic loss (Kirk, 2008). Alternaria blight 
occurs every year in all the rapeseed- mustard growing areas of the world. This 
disease causes an average yield loss of 46-47% in yellow sarson and 35-38% in 
mustard (Kolte1985a& b; Kolte et al., 1987; Kolte, 2002, Chattopadhyay, 2008) and 
even up to 70% in Brassicas species. In Canada, 20 to 30% yield losses were recorded 
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due to this disease (McDonald, 1959; Conn et al., 1990). In India, losses of 15 to 71% 
were reported by different workers (Kadian and Saharan, 1983; Singh and Bhowmik, 
1985; Kumar, 1986; Ram and Chauhan 1998). Kolte et al. (1987) reported that the 
disease causes losses in 1000-seed weight (g.) of yellow sarson and mustard of 23% 
and 24%, respectively. In addition to quantitative loss, seed quality in terms of seed 
size, seed color and oil contents are also reduced due to the fungus infection (Kaushik 
et al., 1984; Kumar, 1997). Reduction in oil content up to 4.8% have been reported by 
Degenhardt et al. (1974) but Ansari et al. (1988) reported the reduction in oil content 
of rapeseed cultivars between 14.58 to 35.97% and 14.12 - 29.07% in mustard 
cultivars in India. Rotem (1994) stated that Alternaria black spot could be a 
devastating disease resulting  in 25-50 % yield reductions in crops such as canola or 
rape. 
 Alternaria leaf blight  is an important diseases of several medicinal and 
aromatic plants Ashwagandha, Geranium (Shukla , et al.,1997), Patchouli 
(Parameshwaran , et al.,1987), Mints (Ganguli & Pandotra 1962, Shukla , et al.,2000), 
Opium poppy(Gupta, et al.,1989), Sarpagandha (Varadarajan  1958, Ganguli & 
Pandotra 1962), Senna (Singh,et al.1996,), Isabgol (Patel et al., 1984). It also attacks a 
wide range of cultivated crops like mustard, cabbage, cauliflower, knoll-kohl, radish, 
tomato, potato, sunflower, chrysanthemum and wheat. 
Management 
 Considering the importance Alternaria leaf blight disease, different strategies 
have been adopted for its management such as cultural, physical, biological and 
chemical control methods. Timely sowing should be done to avoid post-flowering 
drought and heat stresses, which aggravate the disease. However, most of the 
described control methods aim to reduce the inoculum level of the pathogen in soil or 
to minimize the contact of the inoculum and the host. Antagonists compete with the 
pathogen and reduce their population, while crop rotation mainly aims at reducing the 
density of inoculum in rhizosphere and phyllosphere (Francl et al., 1988; Pineda, 
2001; Choudhary et al., 2004; Gaur et al., 2010). Breeding for resistance is another 
viable and effective strategy for the management of Alternaria leaf blight and 
Fusarium wilt of Ashwagandha. Important methods for the management of above 
mentioned diseases are detailed under: 
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Chemical control: 
Fungicides are the last line of defence in the armoury of an integrated disease 
management (IDM) approach. Chemicals are being used in the disease management 
programmes invariably throughout the world (Nene & Thapliyal 1993).The chemical 
methods are considered as the most effective and efficient means of managing various 
pathogens, fungicides are chemicals formulated and successively used against their 
target organisms (Van Gundy & MC Kenry, 1977, Wright, 1981). They do not 
directly increase the yield, but protect an inherent yield potential that the grower may 
realize in the absence of disease, thus fungicide application can minimize the disease 
and thus increase the genetic potential and ultimately yield. In the field condition the 
efficacy of fungicides depend on factors like disease prevalence, virulence of the 
disease, environment and susceptibility of the host. Globally, the same fungicide 
active ingredients are used against a similar range of fungal pathogens. However, in 
the presence of the pathogen, the level of economic response to fungicide applications 
is primarily driven by the prevailing environmental conditions and their interactions 
with crop development and the pathogen. However the mechanism of fungicide action 
of SDHI group of fungicides efficient against Alternaria spp. is very interesting, the 
target enzyme  are succinate dehydrogenase (SDH, so-called complex II in the 
mitochondrial respiration chain), which is a functional part of the tricarboxylic cycle 
and linked to the mitochondrial electron transport chain (Keon et al., 1991). Ansari et 
al., (1990) reported seed treatment with six fungicides checked and the pre-and post-
emergence loss of seedling, to a varying extent against A. brassicae infected rapeseed 
mustard and found Mancozeb was most effective followed by copper oxychloride. 
Khare and Kumar (2006) reported that Mancozeb and Carbendazim significantly 
improved seed germination and vigor of pigeonpea seed (cv. Bahar) against the 
alternaria blight pathogen. Girish et al., (2007) found that seed colonization by A. 
alternata and A. brassicae infected pigeonpea were significantly inhibited in all the 
fungicides used namely mancozeb, iprodione and carbendazim treatments as 
compared to control. In the field trials experiments at  Rajmata vijayaraje Scindia 
Krishi Vishwa Vidyalaya (RVSKVV) KVK, Mandsaur, Seed treatment with 
carbendazim + mancozeb @ 2.5 g recorded the lowest seedling mortality due to A. 
alternata (Anonymous 2012). Balai and Singh, 2013 Reported that Among fungicides 
(iprodione, mancozeb, copper oxychloride, chlorothanlonil and carbendazim) 
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Mancozeb alone and in combination with other fungicides found to be most effective 
against Alternaria leaf blight of pigeion pea both as seed treatment and foliar spray 
their finding was similar to the findings of Lal et al., (2000), Kushwaha and Narain 
(2001) and Kushwaha et al., (2010) 
Meena et al., 2014 reported that among five fungicides tested against the 
Alternaria alternata pathogen inciting leaf blight in Isabgol mancozeb was found most 
effective in vitro and in vivo conditions followed by Copper oxychloride and Zineb. 
Singh & Verma 2010 reported that efficacy of 3 fungicides against 
A. alternata were evaluated in vitro and in vivo in Adusa (Adhatoda vasica 
Nees). Mancozeb was found to be the most effective fungicide in checking the 
mycelial growth and conidial germination of A. alternata. It also gave maximum 
(64.60%) disease control when sprayed twice (@ 0.25%) on artificially inoculated 
Adusa plants. 
Kumar et al., 2012 reported that different isolates 
of Alternaria alternata showed variations in symptoms, growth characteristics and 
they found that out of six fungicides,Mancozeb was found to be the most effective 
against mycelial growth of A. alternata. In respect to plant extract and bio-control 
Azadirachta indica and Trichoderma viride caused maximum inhibition of 
A. alternata growth as compared to other bio-agents. In pot and field experiments, 
maximum efficacy of per cent disease control (66.56) and yield (22.99 t/ ha) was 
recorded in seed treatment and two foliar spray of Mancozeb. 
Bochalyams et al., 2012 Alternaria fruit rot disease was observed on fruits of 
brinjal (Solanum melongena) at Jobner in Rajasthan. Alternaria alternata was isolated 
from fruits and observed to be pathogenic under artificial conditions. Various 
fungicides, plant extracts and biological agents were tested against the fungus and its 
culture behavior such as mycelial growth and sporulation were observed under in 
vitro conditions. Among fungicides mancozeb (1000ppm) was found most effective in 
inhibiting mycelial growth and sporulation of A. alternata followed by copper 
oxychloride and iprodione (1000ppm).  
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Cultural control 
 Among the common cultural practices, use of clean cultivation, use of healthy 
seed, seed treatment, crop rotation with non-host or poor host in some crops, field 
sanitation, planting date, use of balanced nutrients, proper plant density, have been 
advocated to control Alternaria leaf spot and blight diseases of different hosts (Dixon 
1981 and Kolt 1985). Other cultural practices such as Phytosanitation, early planting, 
low plant population, maintaining adequate levels of P and K, addition of organic 
amendments (Ghaffar et al., 1969; Dhingra and Sinclair, 1975) are also some of the 
important cultural practices. 
Vintal et al., 1999 reported that the severity of Alternaria leaf blight was 
decreased by increasing levels of fertilizer application (nitrogen, phosphorus, and 
potassium) Westerveld et al., 2008 reported that Alternaria leaf blight (ALB) and 
Cercospora leaf spot (CLS) are economically important diseases of carrot in Ontario. 
Field experiments were conducted to determine the effect of nitrogen (N) application 
rates on both diseases. Five rates of N were applied to organic and mineral soils in 
which two carrot cultivars, Idaho and Fontana, were grown in each of 2002, 2003, and 
2004. In addition, three N rates were applied to carrot plants grown in the greenhouse, 
and the plants were inoculated with Alternaria dauci (Ku¨hn). Disease severity, 
senescence, and sap nitrate-N concentration were assessed. In the field trials, the 
response of ALB and CLS to N application rate was relatively consistent across 
cultivar, soil type, and year. Area-under-the-disease progress curves typically 
increased with decreasing N rate for both diseases. In lower N treatments, this 
resulted in fewer live leaves per plant at harvest. In the greenhouse, ALB severity 
increased with increasing amount of leaf senescence at final assessment. The results 
suggest that N application rate could be used to reduce the need for fungicide 
applications to control these diseases in the field. The above result concluded by 
Westerveld was also supported by the findings of Warncke (1996). An increase in 
disease severity with increasing leaf senescence has also been demonstrated for other 
Alternaria diseases (Ali and Roy, 1981; Rotem, 1994). 
Lamey and McMullen 1993 reported that Crop rotation can help minimize 
plant disease potential by reducing populations of disease organisms surviving in the 
soil or on crop debris. Although crop rotation reduces the risk of many row crop and 
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cereal diseases, it does not eliminate them. "Unfavorable" rotations do not 
automatically result in serious disease outbreaks, because disease development often 
is dependent on favorable weather. However, growing successive crops that are 
susceptible to the same disease organism increases the odds of severe disease losses. 
When crop rotations are limited or short term, vigorous disease and pest monitoring is 
essential. Some plant disease organisms are unique to a particular crop; others attack 
many crops. The presence of a particular disease within a crop has important 
implications for the next crop in that field.  Certain row crop disease organisms are 
borne on crop residues. Examples are dry bean rust, safflower rust, sunflower rust, 
bacterial blight of dry beans, potato early blight, Cercospora leaf spot of sugarbeet, 
white rust of mustard, blackleg of canola, Alternaria leaf blight of tomato and 
Ascochyta bli;ght of lentil. A three year rotation is desirable for most of these crops. 
A four-year rotation for canola has been shown to provide better management of 
blackleg. Susceptible crops should not be planted next to a field that was severely 
diseased the year before, as those disease organisms that produce spores can be 
airborne or splash dispersed from crop refuse and volunteer plants. If a susceptible 
crop must be planted next to a field that was severely diseased the year before, tillage 
should be used to bury the infected crop residue early, and all volunteers should be 
destroyed before planting. Alternaria blights can be serious diseases of several row 
crops, including safflower, sunflower and dry beans. Each of these crops is attacked 
by different species of Alternaria. Since the Alternaria fungi survive on crop residues, 
crop rotation may help reduce the severity of these diseases. For Alternaria blight of 
safflower, at least a three-year rotation should be used. 
Godika et al., 2001 reported that Incidence of Alternaria blight on mustard 
leaves was found to be lower in the earliest sown crop, but the incidence of Alternaria 
blight on pods decreased with later sowing dates. Crop yields were also higher in the 
earliest sown crops. Yadav et al., (2002) reported that delay in sowing increased the 
intensity of Alternaria leaf blight on most of its hosts. 
Khatun et al., (2011). carried out a study to find out the effect of sowing dates 
on the severity of Alternaria blight of mustard. Percentages of leaf area diseased, leaf 
infection, siliqua infection, and spots per siliqua were found lowest under Early 
sowing, which were statistically lower than other sowing dates. Effect of sowing dates 
has a significant influence on disease severity and seed yield. 
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Perelló and Sisterna (2006) reported that the recent increase in the severity of 
Alternaria triticina leaf blight causing significant yield losses in wheat on the Indian 
subcontinent, may be due to new cultural practices such as conservation tillage, 
nitrogen fertilization and irrigation. 
Howard et al., (1997) reported that Alternaria leaf spot severity and premature 
plant defoliation associated with the leaf disease, as well as lint yields from both 
tillage systems, Alternaria leaf spot severity was reduced in the Conventional Tillage 
system than in no tillage system.  For the control of disease epidemics and its 
magnitude of loss, factors affecting the Alternaria leaf spot disease were studied and 
it was found that nutrition plays an important role in the outbreak of Alternaria leaf 
spot epidemic (Rotem 1994). Dordas 2009 studied the effect of nutrients, such as 
Nitrogen (N), Potassium (K), Phosphorus (P), Manganese (Mn), Zinc (Zn), Boron 
(B), Chlorine (Cl) and Silicon (Si), on disease resistance and tolerance and their use in 
sustainable agriculture. The response of obligate parasites to N supply is quite 
different in comparison to facultative parasite. In obligate parasite when there is a 
high N level there is an increase in severity of the infection, while in facultative 
parasites at high N supply there is a decrease in the severity of the infection as it was 
also reported by Blachinski et al. 1996 they found that N reduces disease severity of 
Alternaria leaf spot in foliar application. K decreases the susceptibility of host plants 
up to the optimal level for growth and beyond this point there is no further increase in 
resistance, Howard et al., 1997 reported that Applying foliar K reduced Alternaria 
leaf spot severity and premature plant defoliation in the Conventional tillage system 
than no tillage system. In contrast to K, the role of P in resistance is variable and 
seemingly inconsistent. Among the micronutrients, Mn can control a number of 
diseases as Mn has an important role in lignin biosynthesis, phenol biosynthesis, 
photosynthesis and several other functions. Zn was found to have a number of 
different effects as in some cases it decreased, in others increased, and in others had 
no effect on plant susceptibility to disease.  
Cultural practices, such as crop rotation, burning of plant debris, and 
eradication of weed hosts were proved to be very helpful in reducing the inoculum 
level for subsequent plantings and susceptible crops. Because Alternaria spp persists 
in the crop debris in the field from one season to another, so rotation with non-host 
crops could reduce the load of initial inocula. Other cultural control measures include 
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the following: (i) avoid irrigation in cool and cloudy climate, (ii) avoid bruising or 
other mechanical damages to the plant and( iii) adjacent fields of the previous season 
should be ploughed immediately after harvest.  
Organic amendments 
Antifungal activity among various organic composts has been reported by 
various workers against soil borne and foliar pathogens and a range of organic 
amendments such as farmyard manure, neem and mustard cake have been used to 
control various fungal diseases (Rathore, 2000). Organic amendments comprising 
high levels of nitrogen, such as poultry manure, meat and bone meal, and soymeal, 
significantly reduced populations of a wide spectrum of soil-borne plant pathogens. 
Mechanism of Pathogen control initiates from the ammonia and (or) nitrous acid 
generated, the concentrations of which are controlled by pH, organic matter content, 
soil buffering capacity, and nitrification rate (Lazarovits 2001). A 20-40% decrease in 
soil populations of the fungus was achieved through soil amendment with pearl millet 
and weed-based composts and this was associated with a 28-50% increase in 
actinomycetes (Lodha and Burman, 2000). Khan et al., (1973) used neem cake against 
R. solani, F. oxysporum, Alternaria tenuis, Helminthosporium nodulosum and 
Curvularia tuberculata. Locke (1995) reported that in the field conditions Alternaria 
alternata, Aspergillus niger and F. oxysporum has been completely controlled by 
using 2-10% neem oil. According to Kazmi et al., (1993) neem cakes causes 
significant reduction on the growth of Alternaria alternata and similar reports was also 
reported by Govindachari et al., (1998) against Alternaria tenuis. Pane et al. (2012) 
evaluated different compost teas for the control of three tomato pathogens; Alternaria 
alternata, Botrytis cinerea and Pyrenochaeta lycopersici and found that direct 
application of teas on tomato plants significantly reduced disease symptoms caused 
by above pathogens. Chadha et al. (2012) investigated efficacy of some of vedic 
krishi amendments, viz. panchgavya, vermiwash, compost tea, matkakhad, beejamrit 
and jiwamrit for management of various plant diseases under organic farming 
conditions. Panchgavya was found to be the most effective (88.9%) in controlling the 
foliar plant pathogens. Ramjegathesh et al., 2011 reported that Neem oil and cakes 
were found to be efficacious against Alternaria porii causing onion purple blotch, 
similar results was reported by Karthikeyan et al. (2006) for Alternaria palandui in pot 
culture and field condition and also by  Sujatha Bai, 1992 against fruit rot disease 
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incited by A. tenuis.Pramod   and  Palakshappa  2009 reported that the maximum 
inhibition of mycelial growth of A. alternata and A. porri was recorded in groundnut 
cake followed by castor cake. Meena et al. (2001) also recorded that neem cake 
amendment does not affect the  rhizospheric beneficial microorganism it was also 
supported by Saravanan et al. (2003). 
Host plant resistance 
The screening of resistant genotypes of Ashwagandha against Alternaria leaf 
spot is an alternative method to chemical control. Sources of resistance to some soil 
borne pathogens have been identified, but highly resistant cultivars are often not 
available for polyphagous and unspecialized pathogens like A. alternata. Varietal 
resistance is the best management practice looking to its advantages and feasibility. 
Several workers evaluated large number of varieties for resistance to Alternaria blight. 
Bokar et al., (1988) studied 32 cultivars against Alternaria infection, between them 4 
showed good survival resistance i.e., 70-100% . Prasad et al., 2002 has screened 72 
cultivars against Alternaria disease, among them 15 were found to be moderately 
resistant to the disease. Yadav et al., 1999 evaluated 75 germplasm, out of these none 
was found to be completely resistant fwhile three were found moderately resistant to 
Alternaria blight (PBR-176, PBR-178 and PBR-180). Pathak and Godika 2002 
screened 27 rapeseed-mustard genotypes out of them 5 genotypes (viz., RN-490, RN-
505, PBC-9221, PBN-9501and PBN-9502) had shown multiple resistance to powdery 
mildew, stem rot, Alternaria blight and white rust. Thirty-two entries were evaluated 
against Alternaria blight, among them PBN-2001, PBN-2002, PBC- 9921 and EC-
399296 hade multiple resistance to White rust, Downy mildew, Alternaria blight and 
Sclerotium rot (Anonymous, 2002). 
Among ten cultivars MIB-125, PB-7 and PB-62 showed moderate resistance 
to Alternaria blight disease and local Isabgol variety gave high susceptible reaction to 
blight disease where none of cultivar was found completely free from disease (Kumar 
et al., 2014). At RVSKVV, Mandsaur, a total of 24 genotypes was screened against 
Alternaria leaf blight of ASALIO (Lepidium sativum) out of which MLS-1, MLS-5, 
MLS-7, MLS-8, and MLS-13 were found to have field resistance (Anonymous 2013 
annual report of dmapr 2012-13). zuhaib et al., 2015 studied the evaluation of seven 
indigenous germplasm of Ashwagandha viz (RAS-59, RAS-7, JA-20, RAS-98, RAS-
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10, IC310620(A), IC 283942) for the  Alternaria alternata was done. The 
Ashwagandha cultivar RAS-10 was observed as resistant and 4 genotypes (RAS-59, 
RAS-7, JA-20, RAS-98) was found to be susceptible and one cultivar (IC310620-A) 
was tolerant and the other one(IC 283942) was moderately tolerant. 
Plant Products 
Management of phytopathogens by plant extract is gaining interest over 
fungicides because it is ecofriendly, economical and easily accessible to the farmers.  
Zimmu leaf extract  was found to be most effective in inhibiting the radial growth of 
A. solani, followed by Datura metel, Ocimum sanctum and Vinca rosea  as reported 
by  (Latha et al., 2009), similar effect of numerous other plant products against 
Alternaria spp. have been reported by a number of workers. The extracts of Pongamia 
glabra inhibited the spore germination of A. solani (Pan et al., 1985). Vijayan (1989) 
reported that the bulb extract of Allium sativum, leaf extract of Aegle marmelos and 
flower extract of Catharanthus roseus inhibited the germination of spore and mycelial 
growth of A. solani. Renuka (2003) reported that the leaf extract of Abutilon indicum 
and D. metel showed maximum reduction in mycelial growth of A. chlamydospora. 
The bulb extract of Allium sativum highly reduced the mycelial growth of A. helianthi 
in sunflower (Sivagami, 2003). The maximum reduction in the mycelial growth of 
plant extract may be due to the presence of antifungal compounds in the extracts 
(Ansari, 1995; Anusha, 2003). Sateesh et al. (2004) reported that leaf extract of D. 
metel has strong inhibitory effect against Rhizoctonia solani and Xanthomonas oryzae 
pv. oryzae under both in vitro and in vivo conditions, and has the potential to induce 
systemic resistance in rice against these organisms.The antifungal nature is due to the 
presence of daturilin, a withanolide compound isolated from D. metel. 
Spore germination of A. brassicae which was isolated from leaves of 
cauliflower was completely inhibited by the extracts of Canna indica, Convolvulus 
arvensis, Ipomoea palmata, Cenchrus catharticus, Mentha piperita, Prosopsis 
spicigera, Allium cepa, A. sativum, Lawsonia inermis, Argemone mexicana, Datura 
stramonium and Clerodendron inerme  (Sheikh and Agnihotri, 1972). The efficacy of 
garlic bulb extract on the mycelial growth of A. tenuis –causal organism of brinjal leaf 
spot was reported by Datar (1996). The neem leaf extract proved highly effective 
against  the radial growth of A. solani (43.3 and 26.7% at 0.1% and 0.01%, 
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respectively) (Sharma et al., 2007). Bavaji, et al., 2012 found that the leaf extracts of 
Boswellia ovalifoliolata Euphorbia trirucalli and Cassia tora were more effective in 
reducing the growth of Alternaria alternata at 500ppm concentrations than others 
plants. Regmi et al., 2014 studied the efficacy of leaf extracts of six plants viz, 
Jatropa curcas, Datura strumarium, Azadirachata indica, Moringa oleifera, 
Calotropis gigantean and Morus Alba @ 50% and found that leaf extract of J. curcas 
demonstrated maximum mycelial growth inhibition of A. alternata followed by D. 
strumarium leaf extract. Goussous et al., 2015 reported the antifungal activity for 
several medicinal plants against the early blight fungus (Alternaria solani) has been 
investigated the inhibitory effect of these extracts on the radial mycelial growth as 
well as on spore germination was measured in vitro at various concentrations of crude 
extract (0.5 g dry plant powder/ml medium). Extracts of M. syriaca and H. sabdariffa 
were most effective causing total inhibition of mycelial growth and spore germination 
at 8– 10% concentration, and it was found that both extracts of M. syriaca and H. 
sabdariffa were strong inhibitors of this fungus and to levels comparable to standard 
fungicides.  
Biological Control 
Biological control can be achieved either by introducing bioinoculants 
(biocontrol agents) directly into a field or by adopting cultural practices which 
stimulate survival, establishment and multiplication of the bioincoulants. Hence, more 
scientifically, biological control of pests and diseases can be defined as: reduction in 
disease severity, crop damage, population or virulence of the pest or pathogen in its 
active or dormant state by the activity of microorganisms that occur naturally through 
altering cultural practices which favours survival and multiplication of the 
microorganisms or by introducing bioinoculants. Evaluate blends of antagonists for 
wider applications (Baker and Cook, 1974). These indirect and direct mechanisms 
may act coordinately and their importance in the biocontrol process depends on the 
strain the antagonized fungus the crop plant and the environmental conditions 
including nutrient availability pH, temperature and iron concentration (Bell et al., 
1982). Application of the fungicides is not economical in the long time because they 
pollute the environment leave harmful residues and can lead to the development of 
resistant strains of the pathogen with repeated use (Vinale et al., 2008). Replacement 
of fungicides with bio-control agents is an alternative mean to manage the plant 
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pathogens produce safety food and reduce the environment pollution (Barakat and Al-
Masri, 2005). One of the most important biocontrol agents is Trichoderma sp. that the 
most frequently isolated soil fungi and present in plant root ecosystems. Considering 
the importance of dry root-rotor charcoal rot disease, different strategies have been 
adopted for its management such as cultural, physical, biological and chemical control 
methods.  
Sanford (1926) realized that, soil microorganisms themselves exert a natural 
biological control on root diseases. However, research on biological control gained 
impetius in the last quarter of tenth century, and several books (Baker and Cook, 
1974; Burges, 1981; Cook and Baker, 1983) and review articles (Papavizas, 1985; 
Naik and Sen, 1985; Jayashree et al., 2000) have come up highlighting the potential 
of microorganisms in disease management. Numerous microorganisms have been 
reported to cause antagonism against plant pathogenic fungi in laboratory and in-vivo 
condition. But, only a few have demonstrated antagonism to a level that could be 
exploited commercially (Khan and Anwer, 2011). An ideal biocontrol 
agent/antagonist should have the following attributes (Sumeet and Mukerji, 2000)   
1. Prolonged survival, either in active or passive form.  
2. Greater probability of contact with the pathogen. 
3. Active under variable environmental conditions.  
4. Mass multiplication should be simple, feasible and economical. 
5. Should be efficient and economical. 
6. Should be ecofriendly. 
 A number of biocontrol agents such as Trichoderma spp. (Papavizas, 1985; 
Papavizas and Lumsden, 1980; Mukhopadhayay, 1996; Khan and Anwer, 2011) and 
Pseudomonas fluorescens (Glick, 2005; Saravanakumar et al., 2007; Thilagavathi et 
al., 2007) have been successfully used to control root-rot of pulses. Some of the most 
important biocontrol agents have been described under. 
Trichoderma species 
Kingdom : Fungi 
Phylum : Ascomycota 
Class  : Deuteromycetes 
Form Class : Hyphomycetes 
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Order  :  Hypocreales 
Family : Hypocreaceae 
Genus  : Trichoderma 
Morphology 
 The genus Trichoderma is characterized by fast growing hyaline colonies 
bearing repeatedly branched conidiophores in tufts with divergent often irregularly 
bent, flask shaped phialides. Conidiophores may end in sterile appendages with the 
phialides only borne on lateral branches in some species. Conidia are hyaline or more 
usually green, smooth walled or roughened. Hyaline chlamydospores are usually 
present in mycelium of older cultures. 
Trichoderma harzianum Rifai 1969 
(Teleomorph- Hypocrea albofulva Berk. and Br. 1873) 
 Colonies growing rapidly, most isolates are 7-9 cm in diameter after 3 days; 
aerial mycelium floccose, white or greyish or rarely yellowish. Conidiation 
predominately effuse, frequently covering the entire surface of the plate. Reverse of 
colony colourless to dull yellowish; odour indistinct or faintly earthy. Hyphae hyaline, 
smooth-walled, mostly 2-7 µm in diameter, or submerged mycelium occasionally up 
to 12 µm in diameter. Chlamydospores are fairly abundant, intercalary and terminal, 
borne on short branches (Fig 7). Conidiophores hyaline, smooth walled, straight or 
flexuous, upto 8 µm wide near the base, tapering to 2.5-4.5 µm wide for most of their 
length, macronematous conidiophores highly branched, primary branches arising 
nearly at right angles, or bent slightly toward the apex, usually in whorls of 2 or 3, 
becoming progressively longer towards the base; complexly rebranched with 
secondary branches in whorls of 2-4, entire structure more or less pyramidal; ultimate 
branches mostly one celled, cylindrical or swollen, mostly 3.5-10 x2.5-6 µm. 
Phialides ampuliform to subglobose, mostly 3.5-7.5x2.5-3.8 µm, or terminal phailides 
upto 10 µm long, markedly constricted at the base, strongly swollen in the middle, 
and abruptly tapered to a narrow conidium- bearing tube about 0.7 µm wide and up to 
1.5 µm long, arising mostly in crowded and divergent whorls of 2-6 on the terminal 
branches, occasionally arising singly or in  whorls  laterally  on  the  conidiophores  or  
its  branches.  Conidia are subglobose to ovoid or short ellipsoid, mostly 1.7-3.2x1.3-
2.5 µm (avg. 2.4x1.9 µm), apex braodly rounded, base more narrowly rounded or 
slightly pointed. 
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Fig.  7. Trichoderma harzianum (A) and T. viride (C) culture on PDA and the conidia 
and conidiophore as seen under microscope (B and D). 
Trichoderma viride 
Teleomorph. Hypocrea rufa (Pers.) 
Descriptions: Webster (1964), Rifai (1969), Meyer and Plaskowitz (1989). 
 Colonies fast-growing (5-9 cm). Conidiation forming compact tufts or more 
effuse, glaucous to dark bluish-green. Reverse typically uncoloured, less often pale 
yellowish. Odour usually distinctly aromatic, as of coconut. Conidiophores usually 
not extensively branched and having a relatively loose arrangement, branches most 
often paired, or single or 3-verticillate, often appearing flexuous. Phialides frequently 
paired, or arising singly or 3-verticillate, narrowly lageniform, 8-14×2.4-3.0 µm. 
Conidia-globose to ellipsoidal, usually conspicuously warted, bluish-green to dark 
green, 4.0-4.8×3.5-4.0 µm (Fig. 7). The above description is for ascospore isolates of 
Hypocrea rufa. Trichoderma isolates with ornamented conidia were all placed by 
Rifai (1969) in the T. viride aggregate. There has been no further taxonomic 
resolution of strains in the T. viride aggregate, although significant morphological 
variation is evident. Conidial shape varies from globose to ellipsoid or oblong. Some 
strains have flexuous conidiophores and regularly paired branches and phialides. 
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Other isolates have conidiophores broader and appearing more rigid, with phialides 
shorter and frequently paired but also more irregularly disposed. Significant variation 
in the morphology of conidial ornamentations is also reported by Rifai (1969). While 
the anamorph of H. rufa has coarsely warted conidia, Meyer and Plaskowitz (1989) 
described a second group with fine irregularly pyramidal warts in SEM. 
Mechanism of diseases suppression by Trichoderma species 
 Trichoderma spp. are reported to suppress plant pathogenic fungi through a 
combination of different mechanisms such as production of antibiotics (Harman, 
2000; Harman et al., 2004), cell wall degrading enzymes (Jayalakshmi et al., 2009), 
competition for key nutrients and growth promotion (Zimand et al., 1996), parasitism 
of host fungus (Komatsu, 1968; Gao et al., 2001), and/or stimulation of plant defense 
mechanisms (Jayalakshmi et al., 2009) and/or induced systemic resistance (Harman et 
al., 2004; Sriram et al., 2009). Some of the important mechanisms are elaborated 
under the following text. 
Mycoparasitism  
 Mycoparasisitism has been an effective mechanism involved in the 
suppression of plant pathogenic fungi by Trichoderma species (Howell, 2003; Vinale 
et al., 2008). Mycoparasitism is a complex process that involves chemotrophic growth 
of the antagonist on the host; recognition of the host by the mycoparasite; hyphal 
attachment and coiling of pathogen hyphae; excretion of extracellular enzymes; lysis 
and exploitation of the host (Chet et al., 1990; Flores et al., 1997; Whipps, 2001; Woo 
and Lorito, 2007). 
 Weindling (1932) ascribed the biocontrol of R. solani by T. lignorum through 
mycoparasitism. Enzymes such as chitinases, proteases, and β-1, 3 glucanases lyse 
hyphal cell walls of pathogens during mycoparasitic activity (Cruz et al., 1992; 
Schirmbock et al., 1994; Khetan, 2001). β-1, 3 glucanases have properties for 
degrading cell wall, inhibiting mycelium growth and spore germination of plant 
pathogenic fungi (Benítez et al., 2004; Lin et al., 2007). Proteases produced by T. 
harzianum T-39 was involved in degrading the pathogen hyphal membranes and cell 
walls. They can deactivate the hydrolytic enzymes, endo-polygalacturonase and exo-
polygalacturonase produced by Botrytis cinerea, causal agent of grey mould, resulting 
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in reduced disease severity (Elad and Kapat, 1999). Mustafa et al. (2009) and Kotze et 
al. (2011) also recorded mycoparasitic activity of Trichoderma species against plant 
pathogenic fungi. 
Table 6: Trichoderma species, their target organism and mechanisms involved in 
suppression of plant pathogens. 
Trichoderma 
species 
Target 
organism 
Factor responsible for 
biocontrol 
Disease 
control 
T. harzianum 
1051, T. 
harzianum 39.1 
Crinipellis 
perniciosa 
Chitinase, N 
acetylglucosaminidase, 
β-1,3-glucanase,total 
cellulase, 
endoglucanase, aryl-β-
glucosidase, 
β-glucosidase, protease and 
amylase 
Witches’ 
broom 
disease 
(Crinipellis 
perniciosus) of 
Cocoa 
T. lignorum, T. 
virens, T. 
hamatum, T. 
harzianum, T. 
pseudokoningii 
(Rifai) 
Rhizoctonia 
solani 
Unknown inhibitory 
substances; 
extracellular,metabolites or 
antibiotics, or lytic enzyme 
action 
Damping-off of 
bean 
T. viride,  
T. harzianum 
Aspergillus 
flavus and 
Fusarium 
moniliforme 
Lipolytic, proteolytic, 
pectinolytic and cellulolytic 
enzymes. Unknown 
(mycotoxins) antibiotic 
compounds (e.g., peptides, 
cyclic polypeptides 
Fungal-seed 
associated 
T. harzianum, 
BAFC 742 
Sclerotinia 
sclerotiorum, 
BAFC 
2232 
β-1,3-Glucanase and 
chitinase 
Fungal-
soybean plant 
T. harzianum 25,  
T. viride 
Serpula 
lacrymans 
Antibiotic; anthraquinones Fungal wood 
decay 
T. virens “Q” 
strain 
Rhizopus 
oryzae/Pythium 
sp. 
Plant phytoalexin induction 
by 
antibiotic compound,gliovirin 
Cotton seedling 
disease 
T. virens isolates 
GL3 and GL21;  
T. harzianum T-
203 
Rhizoctonia 
solani, 
Pythium 
ultimum, 
Meloidogyne 
incognita 
Antibiotics gliovirin and 
gliotoxin and other inhibitory 
metabolites 
Damping-off of 
cucumber 
Source: Leng et al., 2011 
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Antibiosis  
 Antibiosis is defined as the inhibition or destruction of the microorganism by 
substances such as specific or nonspecific metabolites or by the production of 
antibiotics that inhibit the growth of another microorganism (Irtwange, 2006; Viterbo 
et al., 2007; Haggag and Mohamed, 2007). Most of the bio-control agents including 
Trichoderma species produce several types of antibiotics (Lewis et al., 1989; 
Handelsman and Stabb, 1996). Most Trichoderma strains produce volatile and 
nonvolatile toxic metabolites that impede colonization by antagonized 
microorganisms. These metabolites are harzianic acid, alamethicins, tricholin, 
peptaibols, antibiotics, 6- penthyl-α-pyrone, massoilactone, viridin, gliovirin, 
glisoprenins, heptelidic acid (Hoagland and Butt 2001). Strains of T. virens with the 
best efficiency as bio-control agents are able to produce gliovirin (Howell 1998). 
Also, the most effective isolates of T. harzianum against Gaeumannomyces graminis 
var. tritici produce pyrone antibiotics, and the success of the strains was clearly 
related to the pyrones they produced 
 The antibiotics produced by Trichoderma species include gliotoxin (Anitha 
and Murugesan, 2005), harzianic acid (Vinale et al., 2013), trichoviridin (McAlees 
and Taylor, 1995), viridian (Zafari et al., 2008), viridiol (Phuwapraisirisan et al., 
2006) and alamethicins (Aidemark et al., 2010) and others (Goulard et al., 1995).  
Trichoderma spp. is also an efficient producer of extracellular enzymes, and some of 
these enzymes have been implicated in the biological control of plant diseases 
(Monte, 2001; Harman, 2006).  The combination of hydrolytic enzymes and 
antibiotics results in a higher level of antagonism than that obtained by either 
mechanism alone (Monte 2001). Synergistic effects between an endochitinase from T. 
harzianum and gliotoxin, and between hydrolytic enzymes and peptaibols on conidial 
germination of Botrytis cinerea is well known (Howell 2003). A mutant from strain 
2413 that had higher levels of extracellular enzymes and of α-pyrone performed better 
than the wild type in vitro confrontation experiments against Rhizoctonia solani and 
in assays of grape protection against Botrytis cinerea, both under repression (only 
pyrones were produced) and derepression conditions (enzymes and pyrones were 
produced) (Rey et al., 2003).  
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    Howell and Stipanovic (1983) isolated an antibiotic, gliovirin from 
Trichoderma (=Gliocladium) virens (GV-P) that shows strong inhibitory effect 
against Pythium ultimum and Phytophthora species, Thielaviopsis basicola, 
Phymatotrichum omnivorum, Rhizopus arrhizus or Verticillium dahliae. Gliovirin was 
not inhibitory to the bacteria, B. thuringensis and P. fluorescens. Lumsden et al. 
(1992) found that suppressive activity of T. virens (GL-21) to damping-off of zinnias, 
incited by R. solani and P. ultimum complex, was correlated to gliotoxin production 
by the biocontrol agent. The toxins produced by biocontrol agents suppressed disease 
development (Lewis et al., 1989; Handelsman and Stabb, 1996) either by affecting 
spore germination (fungistasis) or causing mortality to the cells (antibiosis) (Benítez 
et al., 2004; Haggag and Mohamed, 2007).  Gliovirin produced by G. virens can kill 
P. ultimum by causing coagulation of the protoplasm (Howell, 2003; Viterbo et al., 
2007). Trichotoxin A50 produced by T. harzianum PC01 inhibited mycelial growth 
and sporangia production by Phytophthora palmivora (Suwan et al., 2000).  
Competition and rhizosphere competence 
 Rhizosphere competence is important for the establishment and multiplication 
of biocontrol agents in the rhizosphere. Trichoderma is an excellent competitor for 
space and nutritional resources (Wells, 1988). Competition between the biocontrol 
agent and the pathogen can result in displacement of the pathogen. Biological control 
agents compete with other fungi for food and essential elements in the soil and 
rhizosphere (Chet et al., 1990; Irtwange, 2006) and can compete for the space or 
modify the rhizosphere by acidifying the soil, so that pathogens cannot grow (Benítez 
et al., 2004). Trichoderma species, either added to the soil or applied as seed 
treatments, grow readily along with the developing root system of the treated plant 
(Zhang et al., 1996; Howell et al., 2000) and thus provide protection against pathogen 
infection. T. viride suppressed the colonization of Chondrostereum purpureum, the 
silver leaf pathogen of plum trees by competing with the later (Corke and Hunter, 
1979). Competition for carbon has also been involved in the determination of the 
antagonism expressed by different strains of Trichoderma spp. against several plant 
pathogens, especially F. oxysporum (Sivan and Chet, 1989). T. harzianum T-35 
controlled Fusarium species on various crops via competition for nutrients and 
rhizosphere colonization (Viterbo et al., 2007). Competition for carbon is involoved 
in the suppression of F. oxysporum f. sp. vasinfectum and F. oxysporum f. sp. melonis 
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by T. harzianum T-35 in the rhizosphere of cotton and melon, respectively (Sivan and 
Chet, 1989).  
Enzyme production 
 Trichoderma species are known to produce various enzymes that play a vital 
role in growth promotion and disease suppression. The chitinolytic system of 
Trichoderma comprises many enzymes and the list of its components is rapidly being 
updated as new enzymes and genes are reported. Chitinases are divided into 1,4-β- 
acetylglucosaminidases (GlcNAcases), endochitinases and exochitinases. Many 
GlcNAcases and their genes exc1 (=nag1), exc2, tvnag1, and tvnag2 from T. 
harzianum T25-1, T. atroviride P1 and T. virens Tv29-8 have been described (Kim et 
al., 2002). The 73-kDa Nag1 represents the main GlcNAcase in T. atroviride. Nag1-
disruption strain lacks chitinase activity, and the endochitinase chit42 mRNAis absent 
(Harman et al., 2004). This indicates that nag1 is essential for triggering chitinase 
gene expression, nag1 was induced by pathogen cell wall and chitin, but it is only 
activated when there is contact with the pathogen (Howel 2003, Harman et al., 2004). 
These enzymes break down the polysaccharides, chitin and glucans that are 
responsible for the rigidity of fungal cell walls, there by destroying cell wall integrity. 
Metcalf and Wilson (2001) reported that T. koningii (Tr5) produce endo and exo-
chitinases that help penetration and destruction of pathogen cells without harming 
plant tissue. T. harzianum transformants overexpressing Chit33 chitinase 
constitutively inhibits the growth of R. solani under both repressing and derepressing 
conditions; an experimental test demonstrated that this chitinase also has an important 
role in mycoparasitism [Limón et al., 1999]. T. harzianum Rifai TM transformants 
overexpressing Chit36 chitinase inhibited F. oxysporum and S. rolfsii more strongly 
than the wild-type. It has been reported that β-1,3-glucanases inhibit spore 
germination or the growth of pathogens in synergistic cooperation with chitinases 
[Benítez et al., 1998, El-Katatny et al., 2001] and antibiotics [Howel 2003]. Many β-
1,3-glucanases have been isolated, but only a few genes have been cloned, e.g. 
bgn13.1 [Benítez et al., 1998] and lam1.3 [Cohen-Kupiec et al.,1999]  not differ from 
that of the wild-type [Carsolio et al 1999, Harman et al., 2004). The biocontrol of B. 
cinerea by T. harzianum (T39) might be due production of proteases by T. harzianum 
that inactivate the hydrolytic enzymes produced by B. cinerea on bean leaves (Howell 
et al., 2003). Protease solutions produced by the biocontrol fungus when applied to 
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bean leaves partially deactivated hydrolytic enzymes and reduced the disease severity 
by 56 to 100%. Alkaline protease Prb1 from T. harzianum IMI 206040 has been 
demonstrated to play an important role in biological control [Benítez et al., 1998] 
Induction of defense responses in plants 
 Other mechanism for biocontrol activity of Trichoderma spp. is stimulation of 
host defense responses (Howell et al., 2000; Hanson and Howell, 2004; Harman et al., 
2004). Addition of Trichoderma strains to the rhizosphere leads to the protection of 
plants from pathogens including viruses, bacteria and fungi, because of the induction 
of resistance mechanisms similar to the hypersensitive response, systematic acquired 
resistance (SAR), and induced systematic resistance in plants (Harman et al., 2004; 
Haggag, 2008). Induced resistance has been reported with T. harzianum on bean (De 
Meyer et al., 1998), an unidentified Trichoderma sp. on cucumber (Koike et al., 
2001) and T. virens on cotton (Hanson, 2000). Cotton seedlings treated with strains of 
T. virens had higher levels of defense related compounds such as terpenoids and 
higher peroxidase activity in the roots (Howell et al., 2000). It was also reported that 
peroxidase activity was remarkably increased in T. virens treated cotton seedlings 
than in the control experiment due to the mechanism of induced  resistance (Howell 
2003). An ethylene-inducing xylanase (EIX) produced by T. viride (Dean and 
Anderson, 1991) elicits the production of phytoalexin resveratrol in grapevine cells 
(Calderon et al., 1993). Hanson and Howell (2004) reported that culture filtrates of 
some effective strains of T. virens stimulated significantly greater terpenoid levels in 
cotton and the elicitors were most likely proteins or glycoproteins. 
 Yedidia et al. (1999) and Sriram et al. (2009) reported that inoculation of roots 
of 7-day-old cucumber seedlings in an aseptic hydroponic system with T. harzianum 
(T-203) induced defense responses in both the roots and leaves of treated plants. 
Similar effects were reported by Contreras-Cornejo et al., 2011, against B. cinerea in 
Arabidopsis thaliana. The activation of SAR correlates with the expression of 
pathogenesis-related (PR) genes, including acidic and basic β-1,3-glucanase and  
chitinase, which supposedly act against the cell walls  of the pathogen (Ferreira et al., 
2007). Trichoderma induced systemic resistance   in plants is phenotypically similar  
to  SAR  (Yedidia et al., 2000). Martinez et al. (2001) reported that Trichoderma-
derived xylanase and cellulase are well known inducers of ethylene biosynthesis 
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(Avni et al., 1994; Piel et al. 1997).  Kamalakannan et al. (2004) recorded increased 
activity of phenylalanine ammonia lyase, peroxidase, polyphenoloxidase and total 
phenolics in P. niruri plants pretreated with Trichoderma, Pseudomonas and Bacillus. 
Plant growth promotion by Trichoderma species 
 Trichoderma spp. can stimulate growth of plants (Chet, 1987; 
Mukhopadhayay, 1996). Pepper seed germinated 2 days earlier in soil applied with T. 
harzianum than in untreated controls (Chang et al., 1986). Flowering and the number 
of blooms per plant in chrysanthemums was increased and the heights and weights 
were greater in either steamed or raw soil infested with T. harzianum (Baker et al. 
(1984). Ashraf & Zuhaib 2014 repoted that Seed treatment with Trichoderma virens 
and Trichoderma harzianum significantly increases the seed germination, plant height, 
root thickness, number of branches per Ashwagandha plant, similar results was also 
reported in isabgol (Ashraf and Zuhaib 2013). These responses occurred consistently 
with population densities of T. harzianum higher than 108CFU/g soil, irrespective of 
form of application (conidial suspension, mycelium and spores in a peat-bran 
medium). T. koningii @ 108 conidia/g soil increased dry matter of bean plants.  
 The plant growth promotion may result due to activity of biocontrol agents 
which could reduce the concentration of substances in soil that are inhibitory to plant 
growth (Windham et al., 1986) or increase the concentration of defense related 
compounds in plants. Thus, the plant growth promotion may be due to production of 
plant hormones or increased uptake of nutrients by the plant (Sivan and Chet, 1993); 
control of one or more subclinical pathogens (Windham et al., 1986) or strengthening 
plant’s own defense mechanism (Zimand et al., 1996) etc. 
 T. virens or T. atroviride stimulated biomass production and lateral root 
development (Contreras-Cornejo et al., 2009). Rabeendran et al. (2000) reported that 
dipping transplants in spore suspensions (107 conidia/ml) of T. longipile (6Sr4 and 
3Sr4-2) and T. tomentosum (5Sr2-2) increased leaf area (58-71%), shoot dry weight 
(91-102%) and root dry weight (100- 158%) of cabbage. In a field trial, yield of 
lettuce treated with T. longipile 6Sr4 was increased. 
 Srivastava et al. (2008) reported that T. harzianum strain 25-92 increased the 
fresh and dry weights of chickpea cv. Radhey and Vishwas by 50-63% and 24-42%, 
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respectively, whereas strain 29-92 increased the fresh weight of chickpea cv. Radhey 
and Vishwas by 12-30% but not the dry weight in the absence of M. phaseolina. A 
marked increase in root length was caused by both the strains. In M. phaseolina 
infested pots, number of lateral roots and branching decreased with nonsignificant 
change in weight. Moreover, 60-40% reduction in disease was recorded after 14 and 
28 days in chickpea cv. Radhey and Vishwas. The resistant variety Vijay does not 
show significant disease. The reduction in disease was more pronounced at higher 
inoculum levels of T. harzianum (107-108 cfu/g). Barakat et al. (2007) found that 
Trichoderma isolates at conidial suspension of 3×107 CFUs reduced infection by R. 
solani on bean plants. The treatments increased the growth of bean plants. There was 
160-200% increase in plant height while fresh and dry weights increased by 133 and 
217%, respectively. Okoth et al. (2011) reported increased rate of maize seed 
germination due to seed coating with Trichoderma. Suppression of R. solani on 
cucumber and subsequent increase in growth with application of Trichoderma and 
Bacillus strain was recorded by Yobo et al. (2011).   
Trichoderma as biocontrol agent against Alternaria alternata 
Stimulation of bio-control of diverse plant pathogens, decomposition of organic 
matter symbiosis and nutrient exchange (Howell, 2003 and Harman, 2006). Recent 
studies indicate that these fungi can induce systemic resistance in plants, thus 
increasing the plant defense response to diverse pathogen attack (Harman et al., 
2004). Several workers have been reported that the use of Trichoderma species 
against number of plant pathogenic fungi (Brisa et al., 2007; El- Mougy et al., 2007). 
Akbari and Parakhi (2007) reported T.viride-I and T.hamatum-IV and V isolates 
showed strong antagonism against Alternaria alternata causing blight of sesame. 
In-vitro conditions 
 Investigations into the biological activity of Trichoderma have shown 
it has a strong reducing effect towards A. alternata development, since it develops 
without obstacles. T. harzianum develops more rapidly than A. alternata in single as 
well as in double cultures. The intensive development of Trichoderma gives it a 
significant advantage in competition with pathogens for nutrient elements and space, 
even as it develops the system of mycotoxins (Barbosa, Rehm et al., 2001). In-vitro 
antagonistic activity of Trichoderma sp. is expressed by suppressing test-fungi growth 
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and its rapid growth, which is multiplying over the pathogen's colony (Mirkova, 
1982). In the dual culture when the antagonist and pathogen comes in contact, 
Trichoderma has a space advantage and bigger opportunities to stop pathogen 
development, and to develop its mechanisms of antagonistic action. In a short time, it 
significantly reduces A. alternata. The pathogen develops until the moment of contact 
with the fungal antagonist; simultaneously it sporulates and changes the colony’s 
color, acting as a super–parasite (Mirkova, 1983).  Trichoderma sp. grows exactly on 
other fungi’s hyphae, coils around them and degrades the cell’s wall. This action of 
parasitism restricts the development and activity of pathogenic fungi. Additionally, or 
together with mycoparasitism, some Trichoderma species release antibiotics (Harman, 
1996).In another study of double cultures, even when A.alternata has a significant 
space and time advantage, T. harzianum has shown to have an antagonistic influence. 
This effect is produced because of competition for food and space, mycoparasitism 
and possible antibiosis (Sempere and Santamarina, 2007). Ghildyal and Pandey 
(2008) came to the same conclusion, according to them, three species of Trichoderma 
with their own diffusible and volatile metabolites have shown the greatest rate of 
inhibition on A. alternata among the investigated pathogens. 
At the time of incubation of double cultures (in diffusible and volatile 
metabolites), discoloring of the colony and the loss of sporulation both occurred. This 
was confirmed by microscopic examination. In addition, hyphae deformations were 
noticeable, including greater distances between septa, and empty ends. The A. 
alternata conidia germination was strongly suppressed by chitinase derived from 
Trichoderma spp. for eight hours, resulting in the complete inhibition of germination, 
abnormalities, or breaking the germination tubes (Gang et al., 2008). Biljana and 
Ziberoski in 2012 confirm the above studies and conclude his study of in-vitro 
biological activity of T. harzianum towards A. alternata. It has shown strong reducing 
effect on the development of A.alternata with various mechanisms of antagonistic 
influence. The diffusible metabolites have shown bigger reducing effect than volatile. 
In dual culture, isolate of Trichoderma viride performed the best among the test 
isolates of Trichoderma, causing 81%-82% reduction in mycelial growth of Alternaria 
spp over Control (Meena et al., 2004). Success of the bioagent T. viride against 
Alternaria blight has also been reported in linseed (Mercer et al., 1993). The 
biological control agents such as Trichoderma viride significantly reduced the 
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mycelial growth, spore germination, spore production and germ tube formation of A. 
solani and A. alternata (Veerasamy, 1997) 
In-vivo conditions 
Seed application 
Karthikeyan et al., 2005 studied efficacy of T. viride against onion leaf blight 
(Alternaria palandui) as seed treatment under field condition and found that the 
average mean of disease reduction was 24.81%. In a study Navaneetha et al., 2014 
reported that, twenty five selected strains of Trichoderma were screened in vivo 
against foliar diseases (Alternari aster Leaf Blight (ALB) of sunflower ). Among 
these strains, T. harzianum Th4d and T. asperellum Tv5 were able to produce 
mycolytic, defense enzymes and able to control two diseases effectively. Further a 
study was conducted to standardize the dose of SC formulation of Trichoderma for 
foliar application and seed treatment. The highest antagonistic activity was achieved 
with concentration of 2 × 107 conidia/ml. The two selected strains were able to reduce 
severity of ALB under greenhouse conditions. In field trials (rainy season of the years 
2009-10 and 2010-11), seed treatment, foliar application of T. harzianum Th4d SC at 
2 ml/l and consortium formulations (T. harzianum Th4dSC+ T. asperellum Tv5SC at 
1 ml/l) effectively reduced disease severity (ALB reduction up to 50-55%). Field 
trials were carried out during Rabi 2008-09 and 2009-10 crop seasons to test the 
efficacy of different bioagents, as seed treatment against Alternaria leaf blight and 
Tricoderma harzianum was found efficacious among the bioagents (Rai et al., 2014) 
Lowest Alternaria leaf blight disease incidence was recorded in soil application of 
FYM @ 10 t ha-1 + Trichoderma sp. @ 106 – 109 cfu ml at JNKVV, Jabalpur (Annual 
report 2012 DMAPR Anand Gujrat) 
INTEGRATED MANAGEMENT 
    Trichoderma spp. has been investigated as biological control agents for over 
70 years (Samuels, 1996). The genus Trichoderma comprises a numerous strains that 
act as efficient biocontrol agents. Many Trichoderma species are effective biological 
control agents against a range of crop diseases (Abo-Elyousr et al., 2014). The most 
effective species of Trichoderma are T. virens, T. viride, T. koningii, T. polysporum, 
T. hamatum and above all T. harzianum (Grondona et al., 1997; Khan and Gupta, 
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1998). These biocontrol agents suppress plant pathogens through a variety of 
mechanisms especially mycoparasitism, competition, induced resistance, antibiosis 
etc. (Harman et al., 2004). 
 Use of antagonists, particularly Trichoderma species has been reported quite 
effective against different pathogens (Chattopadhyay et al., 2002) particularly as seed 
treatment followed by fungicidal spray used in managing many fungal diseases 
(Rohila, et al., 2001). Bora (1977) demonstrated the antagonistic effectiveness of T. 
viride against A. alternata on egg plant seedling under in vitro and green house 
condition. Kumar et al., (2000) reported that seed treatment with Trichoderma spp 
controlled Leaf blight pathogens (A. alternata) of pigeonpea. In the comparative study 
of various biofungcides against  Alternaria  solani inciting  leaf blight of tomato, seed 
treatment of P.fluorescens, B. subtilis and zimmu leaf extract followed by foliar spray 
of talc based bioformulation mixture was found most effective in case of foliar 
pathogens. The talc based bioformulation mixture was applied as seed treatment 
(10g/kg) followed by mixture spray (20g/L) 45 days after sowing (Latha et al., 2009) 
In the study carried out by Balai & Singh 2012, Out of twenty five treatments, 
combination of Mancozeb with T. viride was found most effective in reducing the 
disease intensity of Alternaria leaf blight of pigeonpea and disease control for two 
consecutive years (11.92 and 71.29%) followed by Mancozeb with T. 
harzianum(12.11 and 70.82%) and Mancozeb (12.25 and 70.48%) alone treatments, 
respectively. Sometimes the seed treatment with bioagents followed by foliar spray of 
the fungicides were also proved efficacious, similar study was reported by Rathi and 
Singh (2010), they tested the efficacy of different bio-agents and fungicides with 
different combinations as seed treatment with T. harzianum followed by foliar spray 
of Ridomil and Carbendazim and deduced that significant reduction was achieve in 
the Alternaria leaf blight of mustard. 
A combination of Mancozeb with T. viride, Mancozeb with T. harzianum and 
Mancozeb alone were significantly at par with each other in reducing the disease 
intensity of test pathogen over control. In our results with chemical fungicides 
Mancozeb and Copper oxychloride completely inhibited the growth of the pathogen. 
Mancozeb as foliar spray was most effective for controlling the blight conformity the 
findings of Ansari et al., (1990)  tested fungicides for their effects on growth of A. 
brassicae and for ascertaining their fungicidal and fungistatic natures in artificial 
 
 
46
cultures. They further demonstrated that efficacy as seed treatment and foliar 
application fungicides in the management of blight of rapeseed. Also similar results 
were found when Amaresh and Nargund (2002) tested efficacy of Mancozeb, 
Chlorothanlonil, Copper oxychloride, Iprodione and Carbendazim on sunflower and 
maximum percent disease intensity of leaf blight was observed in untreated control 
while, Chlorothanlonil treatment found to have lowest percent disease intensity. Rathi 
and Singh (2010) tested efficacy of different bio-agents and fungicides with different 
combinations as seed treatment with T. harzianum seed followed by foliar spray of 
Ridomil and Carbendazim and deduced that significant reduction was achieve in the 
alternaria leaf blight affected mustard. Karthikeyan et al., (2008) tested fungicide 
alone and in combination of different antagonistic microorganisms against onion 
blight disease (A. palandui) in bulb (seed) treatment and bulb treatment +foliar spray 
and found Mancozeb was most effective followed by T. viride for control of disease.  
Biocontrol bacteria 
 During the last two decades, several rhizobacteria have been reported to 
provide substantial disease control (Weller, 1988). Among these, the usefulness of 
Bacillus (Campbell, 1989) and Pseudomonas species (Wei et al., 1996) as the source 
of antagonism against a variety of plant pathogens is well known (Khan et al., 2009). 
Taxonomic Position 
Bacillus subtilis (Cohn) Prazmowski  
Kingdom : Bacteria 
Phylum : Firmicutes 
Class  : Bacilli 
Order  : Bacillales 
Family :  Bacillaceae 
Genus  : Bacillus 
Species : subtilis 
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Morphology 
 Cells are rod shaped and straight, 0.5-2.5 x 1.2-10 µm. These are often 
arranged in pairs or chains, with rounded or squared ends. Cells are motile, have 
peritrichous flagella and are gram positive (Fig. 8). Endospores are oval or sometimes 
round or cylindrical and are very resistant to many adverse conditions. There is not 
more than one spore per cell. They are aerobic or facultative anaerobe, 
chemoorganotroph with a fermentative or respiratory metabolism and are usually 
catalase positive. 
 
Fig. 8. Colony characters of Bacillus subtilis (A) and Pseudomonas fluorescens (B), 
cells of B. subtilis (C) and P. fluorescens (D) showing gram positive and 
negative character. 
Pseudomonas fluorescens (Threvesan) Migula  
Kingdom : Bacteria 
Phylum  : Proteobacteria 
Class  : Gammo Proteobacteria 
Order  :  Pseudomonadales 
Family  : Pseudomonadaceae 
Genus  : Pseudomonas 
Species  :  fluorescens 
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Morphology 
 Cells are straight, curved rods, but not helical, 0.5-1.0 x 1.5-5.0 µm (Fi.g. 7). 
They are gram negative in nature, motile with one or several polar flagella. It 
produces fluorescein pigment which is yellowish green soluble in water but insoluble 
in chloroform. Chemolithotrophs and aerobic, having a strictly respiratory type of 
metabolism. 
Mechanism of disease suppression 
 Disease suppression by bacteria may result due to direct antagonism against 
the pathogens,  antibiosis, competition, HCN production, siderophores and induction 
of systemic resistance (Weller, 1988; Voisard et al., 1989; Gardener et al., 2000; 
Validov et al., 2005 ; Choudhary and Johri, 2009) or interfering with fungal 
pathogenicity factors such as spore germination and invasion (Haas and Defago, 
2005).  These mechanisms have been discussed in detail in the following paragraphs. 
Rhizosphere competence and colonization 
 Rhizospheric competence is a necessary prerequisite character for PGPR. It 
comprises of effective root colonization combined with the ability to survive and 
proliferate along the growing plant roots in the presence of indigenous microbiota 
over a period of time. Given the importance of rhizospheric competence as a 
prerequisite, understanding the plant–microbe interaction in the context of their 
ecological niche can contribute significantly towards understanding the mechanisms 
of PGPR against pathogens (Whipps, 2001; Bais et al., 2004). Bacillus species are 
believed to be less rhizosphere competent than Pseudomonas species. However, 
rhizosphere competent genotypes occur in Bacillus species also (Milus and Rothrock 
1993; Maplestone and Campbell 1989; Howell, 2003). But, most of the researches 
today are aimed at the development of BCAs based on Pseudomonas species (Weller, 
1988).  
 Root colonization involves two phases, attachment to roots and then 
multiplication on roots (Howie et al., 1987). Rhizosphere competence describes the 
relative root colonizing ability of the rhizobacteria (Weller and Thomashow, 1994). 
Duijff et al. (1997) reported the involvement of the outer membrane 
lipopolysaccharides in the endophyte colonization of tomato roots by P. fluorescens 
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strain WC S417. It was found that motile isolates were better colonizers than non-
motile ones (Toyota and Ikeda, 1997). The ability of an organism to produce certain 
antibiotics has also been linked to its superior colonizing ability. Mazzola et al. 
(1992) reported that phenazin antibiotics production contributes to the ecological 
competence of P. fluorescens in the rhizosphere of wheat. Suppression of take all of 
wheat and Fusarium wilt of radish was correlated with colonization of roots by 
Pseudomonas strains (Bull et al., 1991; Raaijmakers et al., 1995). Berger et al. (1996) 
conclusively showed strong relationship between rhizosphere colonization by B. 
subtilis and suppression of Phytophthora and Pythium of Photimia and Brassica. 
 Nautiyal et al. (2002) isolated rhizosphere competent strain of P. fluorescens 
(NBRI2650) from chickpea rhizosphere with ability to inhibit F. oxysporum f.sp. 
ciceri, R. bataticola and Pythium sp. under in vitro conditions. Seed and furrow 
treatment of chickpea cvs. Radhey and H-208 at Pantnagar resulted in significantly 
greater seedling mortality in nonbacterized seedlings compared with bacterized ones. 
The seed dry weight and yield were significantly higher with the bacteria than in 
nonbacterized treatments. NBRI2650R persisted throughout the growing season of 
chickpea in and CFU count ranged from 5.4-6.4 log10 CFU/g root (Nautiyal et al., 
2002). 
Antibiosis 
 Antibiosis is commonly involved in biocontrol activity of Bacillus spp. 
(Fravel, 1988; Silo-Suh et al., 1994) and Pseudomonas spp. (Weller, 1988; Hebbar et 
al. 1992; Kumar et al., 2011). Plant disease suppression due to P. fluorescens may 
occur through the production of pyoluteorin (Whistler et al., 2000), phenazine 
(Schoonbeek et al., 2002), oomycin A (Kaur et al., 2006), IAA (Suzuki et al., 2003), 
siderophore (Loper and Buyer 1991; Dwivedi and Johri 2003; Rachid and Ahmed, 
2005), extracellular hydrolytic enzymes (Fridlender et al. 1993; Siddiqui, 2006), 
alginate, HCN (O’Sullivan and O’Gara 1992; Dowling and O’Gara 1994; Bagnasco et 
al. 1998), pseudomonic acid, ovafluorin, fluopsin C and F, sorbistin A and B, salicylic 
acid (Johri et al., 1997), lipodepsipeptides, syringotoxins, syringomycins (Woo et al., 
2002), N-butyl benzyne sulfonamide and 2,4-diacetyl phloroglucinol (Mazzola et al., 
2002). These antimicrobial compounds act on pathogenic fungi to cause fungistasis, 
inhibit spore germination, cause lysis of mycelia or induce other fungicidal effects 
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(Thomashow and Weller, 1990). Russo et al. (1996) reported that production of 
pholoroglucinols by P. fluorescens protected sugarbeet against Pythium mediated 
damping-off. Production of HCN and ammonia has been reported as a mechanism of 
disease suppression by P. fluorescens (Stutz et al., 1986). Production of lytic enzymes 
like chitinases and β-1, 3-glucanases etc. play important role in suppressing 
pathogenic fungi (Mauch and Staehelin, 1989). Enzymes β, 1, 3- glucanase 
suppressed F. solani, S. rolfsii and P. ultimum (Fridlender et al., 1993). 
 B. subtilis is known to suppress fungal growth both in vitro and in vivo 
(Brannen, 1995; Leifert et al., 1995; Kim et al., 1997). Production of iturin and 
surfactin by B. subtilis RB 14 played important role in protection of tomato plant 
against R. solani (Asaka and Shoda, 1996). B. subtilis produces at least five 
antibiotics, namely: subtillin, bacitracin, bacillin, subtenolin, and bacilonycin (Young 
et al., 1974). Pukall et al. (2005) identified toxin producing four strains of Bacillus 
spp., namely B. pumils, B. fusiformis, B. subtilis and B. mojavensis apart from B. 
cereus. Bacillus isolates are known to synthesize a vast number of peptides with 
antibacterial and antifungal activity (Silva et al., 1997). Some studies indicate the 
presence of the volatile and diffusible antibiotic substances such as subtiline and 
iturins that inhibit pathogen growth (Szczech and Shoda, 2006; Schisler et al., 2004).  
 Bacillus spp. produce a range of other metabolites including biosurfactants 
(Edwards and Seddon, 1992), volatiles (Fiddman and Rossall, 1993, 1994) and 
compounds which elicit plant resistance mechanisms (Kehlenbeck et al., 1994). 
Moyne et al. (2001) reported production of bacillomycin (antifungal peptide) by B. 
subtilis strain AU195. Romero et al. (2007) showed the involvement of iturin and 
fengycin in the suppression of powdery mildew of cucurbits (Podosphaera fusca) by a 
Bacillus species. The culture supernatant of the bacteria successively inhibit the 
powdery mildew at levels previously reported for vegetative cells (Romero et al., 
2004). Production of iturin-like compounds was also reported by Kumar et al. (2011). 
Surfactin, fengycin and iturin A or bacillomycin was produced in melon leaves treated 
with strains of B. subtilis (UMAF6614 and UMAF6639). Killani et al. (2011) 
recorded antibiosis of B. subtilis against F. verticilloides, F. equiseti, and R.  solani.  
A comprehensive list of antibiotic compounds produced by Pseudomonas and 
Bacillus species are enlisted in table 7. 
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Table 7: Antibiotics produced by Pseudomonas and Bacillus species. 
Antibiotics Reference  
Pseudomonas spp. 
Phenazines Burkhead et al. (1994) 
Phenazine-1-carboxylic acid Pierson and Pierson (1996) 
Phenazine-1-carboxamide Chin-A-Woeng et al. (1998) 
Pyrrolnitrin Thomashow and Weller (1988) 
Pyoluteorin Howel and Stipanovic (1980) 
2,4diacetylphloroglucinol 
Rhamnolipids 
Shanahan et al. (1992b) 
Oomycin A Kim et al. (2000) 
Cepaciamide A Howie and Suslow (1991) 
Ecomycins Jiao et al. (1996) 
DDR Miller et al. (1998) 
Viscosinamide Hokeberg et al. (1998); Nielsen et al. 
(1999) 
Butyrolactones Thrane et al. (2000) 
N-butylbenzene sulphonamide Gamard et al. (1997); Kim et al. (2000) 
Pyocyanin Baron and Rowe (1981) 
Pseudomonic acid Fuller et al.(1971) 
Azomycin Shoji et al.(1989) 
FR901463 Nakajima et al.(1996) 
Cepafungins Shoji et al.(1990) 
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Karalicin Lampis et al.(1996) 
Bacillus spp. 
Bulbiformin Brannen (1995) 
Iturin Asaka and Shoda (1996) 
Surfactin Edwards and Seddon (1992) 
Agrocin-84 Kim et al. (1997) 
Mycosubtilin Leclere et al. (2005) 
Fengimycin Vanillakam and Lowffler (1986) 
Mycobacillin Sengupta et al. (1971) 
Bacillomycin D Moyne et al. (2001) 
Mycocerein Wakayama et al. (1984) 
Kanosamine Milner et al.(1996) 
Zwittermycin A Silo - Suh et al.(1994) 
Iturin A (Cyclopeptide) Constantinescu (2001) 
Bacillomycin Besson and Michel (1984); Volpon et al. 
(1999) 
Plipastatins A and B Volpon et al.(2000) 
Source:  Fernando et al., 2005 
Induced systemic resistance 
 Application of mixtures of different PGPR strains to the seeds or seedlings of 
certain plants has resulted in increased efficiency of induced systemic resistance (ISR) 
against several pathogens (Ramamoorthy et al. 2001). Various nonpathogenic PGPR 
strains have the ability to induce systemic disease resistance in plants against broad-
spectrum phytopathogens (Kloepper et al. 2004; Elbadry et al. 2006). Pieterse et al. 
(2001) studied rhizobacterial strain Pseudomonas fluorescens to enhance the 
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defensive capacity in plants against broad-spectrum foliar pathogens. Based on their 
experiments they concluded that Pseudomonas fluorescens strain WCS417r could 
elicit systemic disease resistance in plants through a variety of signal translocation 
pathways like SA-independent JA-ethylene-dependent signaling, ISR-related gene 
expression, NPR 1-dependent signaling, etc. Recently, inter- actions between Bacillus 
spp. and plants with special reference to induced systemic disease resistance have 
been elicited by Choudhary and Johri (2009) 
Pseudomonas fluorescens has been known to induce systemic resistance (ISR) 
in plants (Leeman et al., 1995; Kloepper et al., 1996; Verhagen et al., 2010; Table 8). 
Vanpeer and Schippers (1989) showed that lipopolysaccharides (LPS) extracted from 
the outer membrane of P. fluorescens WCS417 induced systemic resistance to 
fusarium wilt in carnation. Vanpeer et al. (1991) demonstrated that root colonization 
of carnation by a strain of fluorescent Pseudomonas resulted in an increased 
accumulation of phytoalexins in the stem of carnation after inoculation with F. 
oxysporium f. sp. dianthi. P. fluorescens could act as strong elicitors of plant defense 
reactions (M’ Piga et al., 1997). Prior application of fluorescent pseudomonads 
strengthens host cell wall structure that results in restriction of pathogen invasion in 
plant tissue (Benhamou et al., 2000; Chen et al., 2000; Conrath et al., 2002; Dwivedi 
and Johri, 2003).  
Iavicoli et al., 2003 reported that root inoculation of Arabidopsis thaliana with 
Pseudomonas fluorescens CHA0r partially protected leaves from the oomycete 
Peronospora parasitica. The molecular determinants of Pseudomonas fluorescens 
CHA0r for this induced systemic resistance (ISR) were investigated, using mutants 
derived from strain CHA0: CHA400 (pyoverdine deficient), CHA805 (exoprotease 
deficient), CHA77 (HCN deficient), CHA660 (pyoluteorin deficient), CHA631 (2,4-
diacetylphloroglucinol [DAPG] deficient), and CHA89 (HCN, DAPG- and 
pyoluteorin deficient). Only mutations interfering with DAPG production lead to a 
significant decrease in ISR to Peronospora parasitica. Thus, DAPG production in 
Pseudomonas fluorescens is required for the induction of ISR to Peronospora 
parasitica. 
 Srivastava et al. (2001) reported induction of induced systemic resistance 
against charcoal rot disease in chickpea by P. fluorescens isolate. Accumulation of 
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pathogenesis-related (PR) proteins (chitinases and glucanases) in chickpea plants 
inoculated with P. fluorescens was significantly higher than control plants. The level 
of chitinases and glucanases increased by 6.6 to 7 fold up to 4 days post inoculation; 
thereafter, little decrease in the activity of PR proteins was observed. Populations 
of P. fluorescens on roots were maximum on the second day of transplantation. 
Inoculation of root tips of chickpea by P. fluorescens, 2,6-dichloroisonicotinic acid, 
and o-acetylsalicylic acid induced systemic resistance against charcoal rot. Disease 
was 33 to 55.5% higher in control plants than in plants inoculated with chemical 
inducers or P. fluorescens. Treatment with P. fluorescens increased disease resistance 
by 33%, whereas combined application of P. fluorescens with either of the chemical 
inducers increased the resistance by 2- to 2.25-fold.  
Table 8: Bacterial determinants and types of host resistance induced by Bacillus 
subtilis and Pseudomonas fluorescens. 
Bioconrol 
bacteria 
Strain Plant 
species 
Bacterial 
determinant 
Type Reference 
B. subtilis  GB 03 Arabidopsis  2,3-butanediol ISR Ryu et al., 2004a 
B. subtilis IN 937 Arabidopsis 2,3-butanediol ISR Ryu et al., 2004b 
B.  subtilis CHAO  Tobacco  Siderophore SAR Mourhofer et al., 
1994 
P. fluorescens  CHAO Arabidopsis Antibiotics  ISR Iavicoli et al., 2003 
P. fluorescens WCS374 Radish  Lipopolysachraides  ISR Leeman et al., 1995 
P. fluorescens WCS374 Radish  Siderophores ISR Leeman et al ., 1995 
P. fluorescens WCS374 Radish  Iron regulted factor  ISR Leeman et al ., 1995 
P. fluorescens WCS  417 Carnation  Lipopolysachraide ISR Vanpeer  and 
Schippers, 1992 
P. fluorescens WCS  417 Radish  Lipopolysachraides ISR Leeman et al ., 1995 
P. fluorescens WCS  417 Radish  Iron reegulated 
factor  
ISR Leeman et al .,1995 
P. fluorescens WCS  417 Arabidopsis  Lipopolysachraides ISR Van Wees et al., 
1997 
P. fluorescens WCS  417 Tomato  Lipopolysachraides ISR Duijff et al., 1997 
P. fluorescens  4-92 Chickpea   ISR Srivastava et al., 
2001 
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HCN production 
 HCN is produced by many rhizobacteria and is postulated to play a role in 
biological control of plant pathogens (Schippers, 1988; Laville et al 1992; Ahmad et 
al 2008; Michelson and Stougaard, 2012; Meera and Balabaskar, 2012). Defago et al. 
(1990) and Voisard et al. (1989) presented evidence that HCN production is 
beneficial for biological control. Bakker et al. (1989) postulated that production of 
HCN by deleterious rhizobacteria reduced potato yields with short rotations. 
Pseudomonas increased potato yields by reducing HCN production by deleterious 
rhizobacteria through competition for Fe (III) which is required for HCN production. 
Siderophore production 
 Siderophore produced by fluorescent Pseudomonas have very high affinity for 
ferric iron and are secreted during growth under low iron conditions (Powell et al., 
1980; Sharma and Johri, 2003) which in turn are reduced to ferrous ions and thus 
reduce iron availability to pathogens. However, the producing strain can utilize this 
via a very specific receptor in its outer cell membrane (Buyer and Leong, 1986). In 
this way the bacteria may restrict the growth of deleterious bacteria and fungi at the 
plant root surface (Loper and Buyer, 1991). Consequent iron starvation conditon 
prevents the germination of fungal spores. A direct correlation has been observed in 
vitro between siderophore synthesis and their capacity to inhibit germination of 
chlamydospores of Fusarium oxysporium (Elad and Baker, 1985; Scher and Baker, 
1982). 
 Akers (1983) also detected siderophore (schizokinen) in paddy crop, 
suggesting that insoluble form of iron present in the soil was made available to plants, 
to a large extent by microbial siderophores. Johri et al. (1997) also reported that 
fluorescent pseudomonad strain RBT 13 produced siderophores which exhibited in 
vitro antagonism against several plant pathogens i.e. bacteria and fungi, and 
simultaneously increased the growth of four crops tested. Reid et al. (1984) and Baker 
et al. (1985) provided evidences that plants have an ability to incorporate Fe3+ of 
siderophores into their biomass. Powell et al. (1980) demonstrated the role of iron in 
crop development and reported the presence of hydroxamate siderophore (10-7 to 10-
8 M), in 67 different soils at concentrations high enough to be useful to plant roots. 
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Plant growth promotion 
 Plant growth promoting rhizobacteria (PGPR) can alter root architecture and 
promote plant development with the production of different phytohormones like IAA, 
gibberellic acid, and cytokinins (Kloepper et al. 2007). Several PGPR as well as some 
pathogenic, symbiotic, and free-living rhizobacterial species are reported to produce 
IAA and gibberellic acid in the rhizospheric soil and thereby play a significant role in 
increasing the root surface area and number of root tips in many plants (Han et al. 
2005). Direct effect of bacteria on plant growth may be due to  
1. Synthesis of siderophores that can solubilize and sequester iron form the soil 
and provide it to plant cells (Glick, 1995). 
2. Synthesis of phytohormones that can act to enhance various stages of plant 
growth (Garciade Salamone et al., 2001).  
3. Solubilization of minerals such as phosphorus that becomes more readily 
available for plant growth (Illmer, 1995; Whitelaw et al., 1999; Pal et al., 2001 
Richardson, 2001).  
4. Synthesis of low molecular weight compounds, enzymes or vitamins that can 
modulate plant growth and development (Glick et al., 1994; Marek-kozaczuk 
and Skorupska, 2001). 
 Pseudomonas spp. had been reported to stimulate the development of healthy 
root system (Germinda and Walley, 1996) and rapid root colonization by beneficial 
bacteria (Bolton et al., 1990). It increases the plant growth by producing various 
phytohormones like cytokinin (Garcia de Salamone et al., 2001) or vitamins (Marek-
kozaczuk and Skorupska, 2001). Pal et al. (2001) reported that P. fluorescens 
exhibited indole acetic acid (IAA) production, phosphate solubilization and 
siderophore production which play an important role in plant growth promotion. A 
mutant strain of P. fluorescens that overproduced IAA stimulated the root 
development of blackcurrant softwood cutting (Dubeikovsky et al., 1993). Sharma 
and Johri (2003) reported that fluorescent Pseudomonas strain GRP3A produced 
siderophores under iron limited conditions and increased the growth of mungbean. 
IAA produced by P. putida strain GR12-2 was found to play a major role in root 
elongation (Patten and Glick, 2002). Primary root system of canola seedling from 
seeds treated with P. putida GR12-2 were 35-50% longer than the roots from the 
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uninoculated seeds.Soil application of a commercial formulation of PGPR 
Pseudomonas fluorescens besides disease suppression also accompanied with highest 
economic yield in W. somnifera and Cassia angustifolia (Ramakrishnan and 
Senthilkumar 2009). Combined applications of PGPR P. fluorescens and chemical 
resistance inducers reduced disease severity by  88 % and enhanced root yields by 419 
%, in W. somnifera (Bharti et al. 2013). Plants treated with arbuscular mycorrhizal 
fungus (Glomus fasciculatum), neem cake, or PGPR Pseudomonas fluorescens 
showed significantly reduction in the disease incidence and increased forskolin yield 
(Das et al. 2012).The abilities of PGPR strains to produce plant growth regulators 
could balance the decrease in the phytohormone levels of the plant roots and alleviate 
salt stress in plants (Egamberdieva 2009, 2013). The ameliorative effects of PGPR on 
plant growth under saline conditions have been shown on various plant species, 
including medicinally important plants (Yildirim and Taylor 2005; Egamberdieva and 
Lugtenberg 2014). For example, Pseudomonas strains alleviated the salinity effects on 
the growth of basil (Ocimum basilicum) (Golpayegani and Tilebeni 2011), goats rue 
(Galega officinalis L.), and milk thistle (Silybum marianum) (Egamberdieva et al. 
2013a). In medicinal plants Artemisia annua and Centella asiatica, rhizosphere 
bacteria enhanced triterpenoids (Satheesan et al. 2012; Awasthi et al. 2011). The 
increase in secondary metabolite production was suggested because of increase in leaf 
to stem ratio in PGPR-treated Bacopa (Bharti et al. 2013) . Strain-specific effect of 
PGPR on secondary metabolites of plants has been suggested by Walker et al. (2011). 
E. oxidotolerans was also reported to increase herb yields and content of bacoside A 
in plants. Loon 2007 studied the mechanisms of growth promotion which involve 
modulation of plant regulatory mechanisms through the production of hormones or 
other compounds that influence plant development (Frankenberger and Arshad 1995). 
Many bacterial species are capable of producing auxin and/or ethylene, and synthesis 
of gibberellins and cytokinins has also been documented. Introduction of the 
rhizobacterial strain Pseudomonas fluorescens WCS417 in autoclaved soil promoted 
growth of Arabidopsis accession Col-0 by 33% (Pieterse and Van Loon 1999).  
            Kumar et al., 2009 reported that the yield parameters and cost economics of 
Withania somnifera were studied using combined application of Azotobacter 
chroococcum and Pseudomonas spp. The experiment was conducted in a randomized 
block design with 3 replications for 2 consecutive years, along with 2 levels of 
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organic manure, 10 t ha−1 and 20 t ha−1. Inoculation with the inoculants produce 
encouraging results; root yield (1185.6 kg ha−1), seed yield (208.13 kg ha−1),  number 
of offshoots per plant (6.07), and plant height (108.4 cm) were maximum with 
treatment T6 (organic manure [OM] 20 t ha−1 + both bacteria), followed by T9 (OM 
10 t ha−1 + both bacteria), T4 (OM 20 t ha−1 + A. chroococcum), and T5 (OM 20 t 
ha−1 + P. putida), as compared to T1 (control), T2 (OM 10 t ha−1 ), and T3 (OM 20 t 
ha−1). The soil population of the inoculated bacteria was highest after 70 days of 
inoculation and declined thereafter. Economic analysis revealed that the net profit 
from treatment T6 was the highest with dual inoculation of bacteria and OM 20 t ha−1, 
followed by OM 10 t ha−1 and dual inoculation of bacteria 
 Bacillus spp. is predominant in the rhizosphere of some crops and also has 
growth promotory effect (Kloepper et al., 1992; De Freitas et al., 1997; Kokalis-
Burelle et al., 2002). The principal mechanisms of growth promotion are similar to 
Pseudomonas species (Whipps 2001; Khan and Khan, 2001; Khan et al., 2007; Idris 
et al., 2007; Khan et al., 2009; Richardson et al., 2009). Yeun et al. (1985) found that 
B. subtilis strain A13 improved the growth of many plant species in steamed and 
natural soils. Seed treatment with B. subtilis increased the yield of carrots by 48%, 
oats by 33% and peanuts by upto 37% (Weller, 1988). B. subtilis B2g caused 
significant increases in plant growth of cabbage, cucumber and sunflower (Marten et 
al., 1999). Growth promoting effects of B. subtilis and P. fluorescens have also been 
reported on tomato and chickpea crops (Khan and Akram, 1997; Khan and Khan, 
2001; Khan et al., 2004, Khan et al., 2011).  
Effectiveness of Pseudomonas against Alternaria alternata 
 Use of bacteria with antifungal properties is an attractive alternative to the use 
of xenobiotic compounds (Dinakaran et al., 1995; Pal and McSpadden Gardener, 
2006). Baker and Cook (1974) stated that, bacteria are extremely important in 
biological control of plant pathogens as they may exceed the number and weight of 
any other group of microorganisms in soil. They grow rapidly and utilize different 
forms of nutrients. The ability of P. fluorescens to suppress soilborne fungal 
pathogens depends on their ability to produce antibiotic metabolites such as 
pyoluteorin, pyrrolnitrin, phenazine 1- carboxylic acid and 2, 4-diacetylphloroglucinol 
(Howell and Stipanovic, 1980; Burkhead and Geoghegan, 1994; Toohey et al., 1965; 
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Maurhofer et al.. 1995). One of these metabolites 2, 4-diacetylphloroglucinol (DAPG) 
is a major factor in the biological control of a range of plant pathogens (Defago, 
1993).  
 Sen et al., 2012 reported that Stevia rebaudiana Bertoni, a natural sweetener 
contains two main sweetest compounds, stevioside (ST) and rebaudioside A (R-A), 
tasting about 300 and 450 times sweeter than sucrose, respectively. Pseudomonas 
BRL-1 isolated from the rhizosphere, showed both in vitro and in vivo antagonistic 
activity against the pathogen Alternaria alternata inciting leaf blight disease in Stevia 
rebaudiana. In dual culture bioassay as circular and semicircular patterns, the isolate 
quantitatively inhibits the growth of the pathogen by about 78% and 69%, 
respectively. In vitro plate assay detected that the strain produces hydrolytic enzymes, 
Indole acetic acid (IAA) and siderophore. In talc based formulation the strain has 
adequate shelf life. 
 Devi et al., 2014 reported that Pseudomonas fluorescens (Pf1), Bacillus 
subtilis (Bs1) are the major potential biocontrol agents against foliar pathogens 
Alternaria helianthi. MPf1 and MBs1 were found to be the most effective in 
inhibiting the mycelial growth of the pathogen. These biocontrol agents have the 
maximum capacity in controlling the spore germination, and data showing the 
growth-promoting effect of biocontrol agents and inhibition of seed-borne fungi are 
available. Seed-borne infections of A. helianthi are controlled by seed treatment with 
P. fluorescens, which showed least seed infection. The root length and shoot length 
has also been increased 
 Although the potential benefits in the application of a single biocontrol agent 
have been demonstrated in many studies, it may also partially account for the reported 
inconsistent performance, because a single biocontrol agent is not likely to be active 
in all kinds of soil environments and agricultural ecosystems (Raupach & Kloepper 
1998). It could have resulted in inadequate colonization, limited tolerance to changes 
in environmental conditions and fluctuations in production of antifungal metabolites 
(Weller & Thomashow 1994; Dowling & O’Gara 1994). Many approaches have been 
used to overcome these problems, such as combined application of two or more 
biocontrol agents to improve the level and uniformity in disease control (Oien et al. 
1993; Pierson & Weller 1994; Schisler et al. 1997; Raupach & Kloepper 1998). In the 
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previous studies success of multiple-strain mixture of microbial agents has been 
accomplished. These include mixtures of fungi (Paulitz et al. 1990; Budge et al. 1995; 
Schisler et al. 1997), mixtures of bacteria (Oien et al. 1993; Pierson & Weller 1994; 
Raupach & Kloepper 1998; Singh et al. 1999; Nandakumar et al. 2001a, b), mixtures 
of yeasts (Janisiewicz 1996), bacteria and fungi (Janisiewicz 1988; Duffy et al. 1996; 
Leibinger et al. 1997), and bacteria and yeast (Janisiewicz & Bors 1995). Effective 
biocontrol activity by using mixtures of antagonist may have the advantage: (i) it may 
broaden the spectrum of activity, (ii) it may enhance the efficacy and reliability of the 
biocontrol, and more importantly (iii) it may allow the combination of various traits 
without employment of genetic engineering (Janisiewicz 1996) 
 Lutz et al., 2004 very well studied the interaction of Pseudomonas and 
Trichoderma strains at molecular level summarized that, one key factor for the 
antagonistic activity of several P. fluorescens strains is the synthesis of 2,4-
diacetylphloroglucinol (DAPG). Production of chitinases, such as the ECH42 
endochitinase and the NAG1 N-acetyl-b-D-glucosaminidase, is a primary mechanism 
of action for T. atroviride. We examined the molecular interactions between the 
DAPG-producing P. fluorescens strains CHA0 and Q2-87 and chitinase-producing T. 
atroviride P1. Interactions were monitored using the reporter gene constructs, phlA’-
’lacZ translational fusion in P. fluorescens CHA0 and ech42-goxA or nag1-goxA 
fusions in T. atroviride P1. We found that DAPG enhanced nag1, but not ech42 
expression, whereas an unidentified substance from P. fluorescens CHA0 repressed 
expression of both Trichoderma chitinases. Addition of T. atroviride P1 culture 
filtrates to growing cultures of P. fluorescens enhanced phlA expression transiently 
during growth. These results indicate that negative and positive effects on expression 
of key biocontrol genes may occur while mixing antagonists.  
 Rao et al., 2009 reported that among the different integrated seed treatment 
options tested for the management of Alternaria blight of sunflower, seed treatment 
with Pseudomonas fluorescens (0.8%) + hexaconazole foliar spray is found to be the 
most effective after the seed treatment by fungicide. Efficacy of Pseudomonas 
fluorescens as seed dresser can be enhanced by bio-priming the sunflower seeds for 
the effective and eco-friendly management of Alternaria blight of sunflower 
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             Latha et al., 2009 Known biocontrol agents Pseudomonas fluorescens (Pf1 
and Py15) and Bacillus subtilis (Bs16) were also tested alone, together, and in 
conjunction with the most effective plant extract, Zimmu, in both in vitro and in vivo 
experiments for control of A. solani. All isolates were compatible with each other and 
with Zimmu leaf extract. Among the various bioformulations tested as seed treatment 
and foliar application, the talc-based formulation of Pf1 + Py15 + Bs16 + Zimmu was 
superior in reducing the early blight disease incidence when compared to other 
treatments. Further, the accumulation of defense enzymes, such as peroxidase (PO) 
and polyphenol oxidase (PPO) phenylalanine ammonia-lyase (PAL), chitinase and b-
1,3-glucanase were found highest in the above treatment.  
 Karthikeyan et al., 2008 reported that Pseudomonas fluorescens (Pf1), and 
Trichoderma viride, were tested alone and in combination for suppression of onion 
leaf blight (Alternaria palandui) disease under glasshouse and field conditions. The 
average mean of disease reduction was 24.81% for single strains and 42.44% for 
mixtures. In addition to disease suppression, treatment with a mixture of antagonists 
promoted plant growth in terms of increased plant height and ultimately bulb yield. 
Though seed treatment of either single strain or strain mixtures alone could reduce the 
disease, subsequent application to root, leaves or soil further reduced the disease and 
enhanced the plant growth. The mixture consisting of Pseudomonas fluorescens 
Pf1nplus Trichoderma viride was the most effective in reducing the disease and in 
promoting plant growth and bulb yield in greenhouse and field tests. Weller et al., 
2002 reported the successful management of take all disease of wheat caused by the 
fungus Gaeumannomyces graminis var. tritici by combined application of T. koningii 
and P. fluorescens  
Fusarium oxysporum causing wilt of Ashwagandha: 
Ashwagandha is prone to several diseases and pests (Gupta et al., 1993, 
Nagraj and Reddy, 1985). Under field conditions, the plants are damaged by viruses, 
mycoplasmas, bacteria as well as fungal pathogens. Fusarium oxysporum causing wilt 
is the major constraint in the production of Ashwagandha. Mallesh et al., 2009 
reported the study on root knot/wilt complex of Ashwagandha and Coleus forskii. 
According to them Fusarium spp. causes the wilting while Meloidogyne incognita 
causes root rot on Ashwagandha, they studied both the pathogens individually as well 
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as in combinations. Although a year later Fusarium wilt was also reported by Sharma 
and trivedi 2010, according to them wilt of Ashwagandha induced by Fusarium spp. 
is emerging as severe and destructive problem under favourable weather conditions. 
Infection at seedling stage results in complete loss and in later infection either no seed 
is formed or it is thin, tiny and shriveled. Bharti et al., 2013 reported Fusarium spp. 
inciting wilt in Ashwagandha leading to the severe reductions in shoot and root dry 
weight and the plant height. They studied the host and pathogen interaction 
thoroughly and also reported that Ashwagandha seedlings challenged with Fusarium 
showed 54.35 and 55.66% reductions in the shoot and root dry weights, respectively 
as compared control. Zuhaib and Ashraf 2014 also reported Fusarium wilt as an 
important and widely spread disease of Ashwagandha. 
Taxonomy and nomenclature 
Fusarium oxysporum (Snyder & Hansen 1950) 
Kingdom : Fungi 
Division : Eumycota 
Subdivision :      Hyphomycetes 
Class  : Duteromycotina 
Order  : Moniliales 
Family : Tuberculariaceae  
Genus  : Fusarium 
Species : oxysporum 
Morphological Description 
 The critical morphological feature of F. oxysporum includes the production of 
microconidia in false heads on the short phialides formed on the hyphae, the 
production of chlamydospores and the shape of the macroconidia and microconidia. 
The number and morphology of the macro and microconidia formed can be drastically 
altered by apparently single gene mutations (Ohara et al., 2004). Colony morphology 
on Potato dextrose Agar (PDA) varies widely. Mycelia may be floccose, sparse or 
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abundant and range in color from white to pale violet. Abundant pale orange or pale 
violet macroconidia are produced in a central spore mass in some isolates, Small pale 
brown. Blue to blue-black or violet sclerotia may be produced abundantly by some 
isolates. F. oxysporum usually produces a pale to dark violet or dark magenta pigment 
in the agar but some isolates produce no pigment at all. Some isolates of F. 
oxysporum mutate readily to the pionnotal form or to a flat "wet" mycelial colony 
with a yellow to orange appearance when cultured on PDA. Isolates of F. oxysporum 
are most difficult to distinguish from isolates of F. solani and F. subglutinans. F. 
solani forms microconidia in false heads on very long monophialides formed on the 
hyphae. F. subglutinans is distinguished from F. oxysporum by the formation of 
microconidia from polyphialides and the absence of chlamysospores. Polyphialides 
are, however difficult to find in some isolates of F. subglutinans, and chlamydospores 
may be formed slowly by some isolates of F. oxysporum, so careful and patient 
observation may require todistinguish these species morphologically. In F. oxysporum 
maximum linear growth was recorded to occur at 25C and an osmotic potential of -
1.0MPa (1541) (Plate 6 & 7).  
Macroconidia  
 Sporodochia: Most isolates produce abundant pale orange sporodochia; 
however, in some isolates sporodochia may be sparse or non-existent.  
 General morphology: Short to medium length, straight to slightly curved, 
relatively slender and thin walled.  
 Apical Cell morphology: Tapered and curved, sometimes with a slight hook.  
 Basal Cell morphology: Foot shaped to pointed. Number of septa: Usually 3-
septate. 
 Abundance: Sparse in some strains, but usually abundant in sporodochia and 
occasionally from hyphae growing on the agar surface.  
Microconidia  
 Shape/septation: Oval, elliptical or kidney shaped and usually septate.  
 Aerial mycelium presentation: False heads.  
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 Conidiogenous cells: Short monophialides.  
 Abundance: Abundant in the aerial mycelia.  
Chlamydospores  
 Abundance/Speed of formation: Formed abundantly and quickly (2-4 weeks 
on CLA) by most isolates, but some isolates form chlamydospores slowly if 
they form them at all.  
 Location: Usually formed singly or in pairs, but also may be found in clusters 
or in short chains. May be either terminal or intercalary in aerial, submerged, 
or surface hyphae.  
 Appearance: Smooth walled.  
Host range  
Fusarium oxysporum is the most widely dispersed of the Fusarium species and 
can be recovered from most soils Arctic (kommedahl et al., 1988), tropical or desert 
(Mandeel et al 1995) and cultivated or not (Mcmullen and stack 1984). It can also be 
dispersed by insects and recovered from marine Algae (Granchinho et al., 2002). 
Fusarium oxysporum includes many representatives that are pathogenic to plants 
often causing vascular wilts diseases example Bechman (1987), Nelson et al (1981), 
Summer and Rugg (1992). Many Fusarium oxysporum isolates appear to be host 
specific, which has resulted in the subdivision of the species into formae speciales and 
races that reflect the apparent plant pathogenic specialization. The wilt-inducing 
strains of F. oxysporum are responsible for severe damage on many economically 
important plant species. F. oxysporum has a wide host range causing wilt of chickpea 
(Dubey et al.,2007), cotton (Zambounis et al., 2012), linseeds ( Kumar et al ., 2014), 
banana also called as panama wilt (Ploetz 2006), raddish (Vakalounakis and 
Fragkiadakis 1999, Katan and Katan 1999), spinach (Fiely et al., 1995), tomato (Li-
Jun Ma et al., 2013), sugar beet (Hill et al., 2011), beans (Alisson 2013, Woo et al 
1996), tulip (Baayen et al., 1998), gladiolus (Mess et al., 1994, Haan et al., 2000). 
Fusarium wilt pathogens show a high level of host specificity and, based on the plant 
species and plant cultivars they can infect, they are classified into more than 120 
formae speciales and races (Armstrong & Armstrong, 1981). Fusarium causes severe 
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wilting in Ashwagandha which leads to enormous yield losses (Bharti et al., 2014, 
Zuhaib and Ashraf 2014, Sharma and Trivedi 2010). Apart from Ashwagandha other 
medicnal plants were also reported to be infected by Fusarium wilt. Important 
medicinal plants reported to be infected with Fusarium wilt includes Atractylodes 
lancea Dioscorea, zingiberensis, Euphorbia, pekinensis, Ophiopogon, platyphyllum, 
Pinellia ternata ( Doi et al., 2009), Curcuma manga ( Khamna et al., 2009), Launaea 
nudicaulis (Mansoor et al., 2007), Jerusalem artichoke (sunchoke) (Jina et al., 2013), 
Panax quinquefolius (Song et al., 2014), Coleus forskohlii (Zheng et al., 2012), 
Papaver somniferum (Kishore et al., 1985; Sattar et al., 1995), Calotropis gigantea 
(Selvanathan et al., 2011), , Basilicum (Elmer et al., 1994, Katan et al., 1996), 
Asparagus (Lamondia & Elmer 1989). 
Disease symptoms  
Wilting is most likely caused by a combination of activities resulted due to 
pathogen invasion. These include accumulation of fungal mycelium in the xylem 
and/or toxin production, host defence responses, including production of gels, gums 
and tyloses, and vessel crushing by proliferation of adjacent parenchyma cells 
(Beckman 1987). The wilting symptoms appear to be a result of severe water stress, 
mainly due to vessel occlusion. Symptoms are quite variable, but include 
combinations of vein clearing, leaf epinasty, wilting, chlorosis, necrosis, and 
abscission. Severely infected plants wilt and die, while plants affected to a lesser 
degree may become stunted and unproductive (MacHardy & Beckman 1981).The 
most prominent internal symptom is vascular browning (MacHardy & Beckman 
1981). Mallesh et al., 2009 reported that in ashwagandha, Fusarium inoculated plants 
exhibited the symptoms of wilting within 25 days after inoculation. Fusarium infected 
Ashwagandha plants showed stunted growth with a 48.38% decrease in the plant 
height (Bharti et al., 2014). In Ashwagandha Fusarium oxysporum Infection at 
seedling stage results in complete loss and in later infection either no seed is formed 
or it is thin, tiny and shrivelled (Trivedi & Sharma 2010). 
Life cycle and disease development 
The life cycle of F. oxysporum begins with a saprophytic phase when the 
fungus survives in soil as chlamydospores (Beckman & Roberts 1995). 
Chlamydospores remain dormant and immobile in the residues of decayed plant tissue 
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until stimulated to germinate by utilising nutrients that are released from extending 
roots of a variety of plants (Stover 1962 a,b, Beckman & Roberts 1995). In favourable 
condition germination is followed by the production of thallus which generates 
conidia within 6-8 hours, and chlamydospores in 2-3 days. The root invasion is 
followed by the penetration of the epidermal cells of a host (Beckman & Roberts 
1995) and thus the development of a systemic vascular disease in host plants (Stover 
1970). In the advanced stages of the disease, the fungus grows out of the vascular 
system into adjacent parenchyma cells, producing enormous number of conidia and 
chlamydospores. The pathogen survives in infected plant debris in the soil as 
mycelium but in the cooler temperate regions chlamydospores are the survival 
structures (Agrios 1997).  
Formation and germination of spores  
In the pathogenic Fusarium species formation of  Chlamydospore commonly 
takes place in hyphae in the infected and decaying host tissue (Nash et al. 1961, 
Christou & Snyder1962).They may also be formed abundantly from macroconidia 
that originate from sporodochia on lesions at the soil level (Nash et al. 1961, Christou 
& Snyder 1962). Schippers & van Eck (1981) proposed that nutrient status of the 
inoculum has direct relation with the chlamydospore formation. Under field 
conditions, fungal inoculum may be subjected to much lower nutrient levels when 
compared to the ‘well-fed’ macroconidia produced on rich agar media. 
Chlamydospore germination is stimulated by the released of carbohydrates from 
decaying plant tissue or from roots, chlamydospore germination is stimulated 
(Schippers & van Eck 1981). Qureshi and Page (1970) further suggested that 
chlamydospores are formed with the addition of organic or inorganic carbon sources. 
From the close resemblance of chlamydospore formation in weak salt solutions to that 
on soil and in soil extracts, Hsu & Lockwood (1973) concluded that an environment 
deficient in energy, but with an appropriate weak salt solution, may be required for 
chlamydospore formation. An exogenous energy sources (e.g. carbon and nitrogen) is 
required for the germination of Chlamydospore (Cook & Schroth 1965, Griffin 1969). 
Spore density is the single most important factor affecting the nutritional requirements 
for germination of conidia and chlamydospores in pure culture (Griffin 1981). 
Exogenous carbon and nitrogen were required for high or complete chlamydospore 
germination at high spore densities in axenic culture (but not at low spore density) and 
 
 
67
in soil (Cook & Schroth 1965, Griffin 1969, Griffin 1970). At high conidial densities 
macroconidia do not germinate, but every conidium is converted into a 
chlamydospore. At low conidial densities, the conidia germinate but do not convert 
into chlamydospores (Schneider & Seaman 1974). According to Griffin (1970, 1981), 
the inability of macroconidia to germinate at high conidial densities resulted from the 
presence of a self-inhibitor. Self-inhibitors are substances accumulating in growth 
medium suppressing germination of macroconidia at higher spore densities in the soil 
(Robinson & Park 1966, Griffin 1969, Robinson & Garett 1969, Griffin 1970).  
Infection 
The process of vascular infection by F. oxysporum is complex and requires a 
series of highly regulated processes 
 Adhesion 
Fungal infection commences when infection hyphae adhere to the host root 
surface (Bishop & Cooper 1983a). Adhesion of fungi to the host surface is not a 
specific process, as they can adhere to the surface of both host and non-hosts 
(Vidhyasekaran 1997). Site-specific binding may be important in anchoring the 
propagules at the root surface, after which other processes required for colonization 
can proceed (Recorbet & Alabouvette 1997). 
 Penetration 
Penetration is likely to be controlled by a combination of different factors that 
include fungal compounds, plant surface structures, activators or inhibitors of fungal 
spore germination, and germ tube formation (Mengden et al. 1996). The means 
whereby wilt pathogens penetrate roots may differ, but there are two distinct types. 
Some pathogenic forms penetrate roots directly, whereas others must enter indirectly 
through wounds (Lucas 1998). The most common sites of direct penetration are 
located at or near the root tip of both taproots and lateral roots (Lucas 1998). The 
pathogen enters the apical region of the root where the endodermis is not fully 
differentiated and fungi are able to grow through and reach the developing 
protoxylem. Fusarium oxysporum has been found to penetrate the root cap and zone 
of elongation intercellularly in the root of banana (Brandes 1919), china aster 
(Ullstrup 1937), radish and cabbage (Smith & Walker 1930), while F. oxysporum 
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f.sp. dianthi probably enters carnation roots through the zone of elongation 
(Pennypacker & Nelson 1972). The muskmelon wilt organism penetrated a 
susceptible host variety between cells in the region of elongation (Reid 1958). 
Although mechanical wounding increases infection it is not essential for lateral root 
infection (Stover 1962a).  
Colonization  
During colonization, the mycelium advances intercellularly through the root 
cortex until it reaches the xylem vessels and enters them through the pits (Bishop & 
Cooper 1983b). The fungus then remains exclusively within the xylem vessels, using 
them to colonize the host (Bishop & Cooper 1983b). Fungal colonization of the host’s 
vascular system is often rapid and frequently facilitated by the formation of 
microconidia within the xylem vessel elements (Beckman et al. 1961) that are 
detached and carried upward in the sap stream (Bishop & Cooper 1983b). Once the 
perforation plates stop the spores, they eventually germinate and germ tubes penetrate 
the perforation plates. Hyphae and subsequently conidiophores and conidia are 
formed (Beckman et al. 1961, Beckman et al. 1962).  
Disease development 
During the initial stages of the interaction, fungal pathogens must sense 
stimuli from the plant and respond with appropriate morphogenic and biochemical 
changes (Roncero et al. 2003). The signalling process represents the first and most 
critical step in defining the outcome of fungal infection (Roncero et al. 2003). Griffin 
(1969) proposed that soil-borne fungal pathogens, including F. oxysporum, are able to 
sense the presence of the plant even before physical contact, most likely through 
compounds present in root exudates. Effects caused by pathogens on plants are almost 
entirely the result of biochemical reactions taking place between substances secreted 
by the pathogen and those present in or produced by the plant. During pathogenesis 
the fungus penetrates the complex defense barriers that plant cell walls comprise of 
(Mengden et al. 1996). To gain entrance to plant cells, fungi generally secrete a 
mixture of hydrolytic enzymes including cutinases, cellulases, pectinases and 
proteases (Knogge 1996). After penetration, the fungus often secretes toxins or plant 
hormone-like compounds that manipulate the plants’ physiology to the benefit of the 
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pathogen (Knogge 1996). This is often achieved through the production of 
phytotoxins with varying degrees of specificity toward different plants (Walton 1994). 
Yield losses 
Fusarium spp. causing wilt in Ashwagandha leading to enormous yield losses, 
it was observed that early wilting causes 77–94% losses while late wilting causes 24–
65% loss (Gupta, Misra, Kalra, and Khanuja 2004). Fusarium causes severe wilting in 
Ashwagandha which leads to severe reductions in shoot and root dry weight while 
Ashwagandha seedlings inoculated with Fusarium showed 54.35 and 55.66% 
reductions in the shoot and root dry weights, respectively, as compared to the control 
(Bharti et al., 2014).  Annual yield loss to chickpea from the wilt varies from 10-15% 
(Trapero-Casas and Jimenez-Diaz, 1985; Jalali and Chand, 1992). Under favourable 
conditions the disease can cause much greater yield loss or may destroy the crop 
completely (Hari and Khirbat, 2009). Higher incidence of the wilt may inflict a yield 
decline of upto 5 q/h in chickpea (Khan, 2005). Fusarium wilt is also a major limiting 
factor in tomato production (Snyder and Hansen, 1940) and causes up to 15% annual 
loss to canning tomatoes in advanced countries like USA. The wilt caused by 
Fusarium udum is an important soil borne disease of pigeonpea. The yield loss 
depends on the stage at which the plants wilt; the yield decline may rise to 100% 
when wilt occurs at the pre-pod stage. The wilt incidence may range 69-99% and 31-
63% in susceptible and moderately susceptible cultivars, respectively. The annual 
yield loss to pigeonpea due to wilt in India has been estimated worth of US$ 36 
million. 
Management of Fusarium wilt 
Considering the importance  Alternaria leaf blight disease, different strategies 
have been adopted for its management such as cultural, physical, biological and 
chemical control methods. Timely sowing should be done to avoid post-flowering 
drought and heat stresses, which aggravate the disease. However, most of the 
described control methods aim to reduce the inoculum level of the pathogen in soil or 
to minimize the contact of the inoculum and the host. Antagonists compete with the 
pathogen and reduce their population, while crop rotation mainly aims at reducing the 
density of inoculum in rhizosphere and phyllosphere (Francl et al., 1988; Pineda, 
2001; Choudhary et al., 2004; Gaur et al., 2010). Breeding for resistance is another 
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viable and effective strategy for the management of Alternaria leaf blight and 
Fusarium wilt of Ashwagandha. Important methods for the management of above 
mentioned diseases are detailed under 
Chemical control  
 Systemic fungicides viz., thiram, captan and vitavax have been found effective 
against fusarial wilt and inhibited the infection by F. oxysporum f.sp. lentis by 100, 
84.75 and 46.31%, respectively (Agarwal et al., 1974). Sharma et al. (2002) 
conducted studies to evaluate effectiveness of thiram, bavistin and captan against F. 
oxysporum f.sp. lini at 500 ppm concentration, all the fungicides were effective over 
check. Bavistin is systemic fungicide which has proved to be highly effective against 
soil/seeds with bavistin (carbendazim) increased the germination, seed yield and 
decreased the infection of F. oxysporum f sp. ciceri on infected plants (Shukla et al, 
1981). Carboxin, carbendazim and captan were found effective against F. oxysporum 
f.sp.gladioli (Mishra et al.,2000, Prasad et al.,2003, Rana et al., 2004, Khan, 2005) 
and other Fusarium spp. (Singh et al., 2000, De et al., 2003). Khan et al. (2004) 
reported 51% reduction in wilt and 20% increase in yield of pigeonpea by the seed 
application of carbendazim. Seed treatment with carbendazim, captan and thiram 
significantly increased the seed germination and seedling vigour of chickpea (Singh et 
al., 2004). Out of the 6 fungicides tested against F. oxysporium f sp. ciceri and R. 
solani, carbendazim (as Bavistin, 100 g/ml) was found to be most effective in 
controlling both the pathogens (Gupta et al., 1997). In vitro seed treatment of bavistin 
(carbendazim), at 100 g/ml completely inhibited the radial growth of F. oxysporum f 
sp. ciceri and seed treatment with bavistin @ 2g/kg seeds gave 70% control of 
chickpea wilt (Singh et al., 1993). Seed 30 treatment by carbendazim @ 2 g/kg seed 
effectively managed wilt severity of chickpea by 51% (Khan et al., 2004).  
Cultural practices 
The cultural practices are the agricultural practices which make the 
environment unfavorable for the pests to thrive. The crop rotation, pre- sowing 
irrigation, use of cleaned seeds, use of resistant varieties, management of alternate 
host plants and destruction of volunteer plants are some of the common cultural 
practices. Fusarium wilt of pigeon pea is a devastating disease of pigeon pea but  
rotation with sorghum and fellow reduced it to 16-31% and two cycles of sorghum 
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followed by pigeonpea reduced the incidence of Fusarium wilt to 16%. Mixed 
cropping of pigeonpea with sorghum and seed treatment with vitavax significantly 
reduced the wilt incidence in pigeonpea (Mahalinga et al., 2003). Significant 
reduction in pigeonpea wilt (25-55%) has been obtained through crop rotation and 
intercropping/mixed cropping with sorghum (Dhar, 2003). Soil solarization by 
covering the soil with transparent polythen e sheet continuously for 2-4 weeks during 
April to May in subtropics and tropics effectively controls Fusarium wilt and also 
improves plant growth and yield (Dhar, 2003, Dhar and Chaudhary, 2003). In cases 
where there is no treatment for Fusarium wilt the disease is controlled by preventing 
the introduction of the pathogen, the destruction of the diseased plants and the isolate 
on of the susceptible plants from infested sites (Simone and Cashion, 1996). Tsigbey 
(2007) deals with the management of major groundnut diseases by using Bahiagrass 
(Paspalum notatum Fluegge) rotation. It is observed that the rotation of crop with 
Bahiagrass significantly reduced the early leaf spot and late leaf spot diseases in 
groundnut.  
 Acid soil (pH 4.2) supported growth of Fusarium through the soil, whereas a 
pH near neutrality prevented this growth (Wilson 1946). In vitro studies by Marshall 
& Alexander (1960) indicated that this probably represents microbial competition and 
antibiosis. Competitive effects of bacteria and actinomycetes dependent on higher soil 
pH have been demonstrated to lie in the competition for nutrients and to a lesser 
degree in antibiotic production. There is, however, a gap between in vitro 
demonstrations and in situ action. It, therefore, appears that the reason for “fertile” 
non-acid soils not supporting Fusarium wilt disease production is the competitive 
action of a healthy population of soil microflora. Raising soil pH toward or slightly 
above neutrality appears to be a foundation in cultural control of Fusarium wilt, which 
commonly is a disease associated with acidic, sandy soils, rather than heavier soils 
with higher pH values (Woltz & Jones 1981). PH has been shown to influence 
germination of chlamydospores of F. oxysporum, although germination does seem to 
occur over a wide range of pH (Chuang 1991, Peng et al. 1999). 
Soil amendments 
Soil amendments with Azadirachta indica or Ricinus communis oil cakes, rice 
husk or saw dust favour the lytic effect of B. subtilis in soil against Fusarium wilt of 
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Pigeonpea which affect the population of pathogen in soil (Singh and Singh, 1980). 
Organic amendment of soil with oil seed cakes of mahua (Madhuca indica), niger 
(Guizotia abyssinica), pongomia (Pongomia glabra) and tea (Camellia sinensis) 
waste (2%) were found effective against F. udum. Application of Pongomia decreased 
the fungal propagule count by 2.5 to 25.3 x 104 CFU/g in 35 days (Somasekara et al., 
2000). Mallesh et al., (2008) evaluated various organic amendments against F. solani 
and found that lowest incidence of disease (18.75% and 31.25%) was recorded in 
neem cake at 5 and 2 per cent concentrations followed by pongamia cake (37.5 and 
43.75%). Basak and Lee (2005) studied the efficacy and in vitro activities of cow 
urine and dung for controlling wilt caused by F. oxysporum f.sp. cucumerinum of 
cucumber and F. solani f.sp. cucurbitae. Cow dung solution showed 80-84 per cent 
inhibition of wilt pathogens and cow urine showed 100 per cent inhibition of wilt 
pathogens. Fresh cow dung, urine, milk and cow dung based preparations namely cow 
dung slurry, dried powder and ash were evaluated against R. solani causing damping-
off of okra and root rot of pea pathogens. Complete inhibition in mycelial growth was 
obtained by amending potato dextrose agar with cow dung and cow dung ash @ 5 
g/100 ml medium followed by cow dung powder (0.5 mm radial mycelial growth) 
(Ashlesha et al. 2009). Sugha (2005) evaluated the antifungal potential of panchgavya 
against  F. solani and advocated that the mycelial bits dipped for 6 hours in 
panchgavya caused the growth inhibition ranged between 88.1-92.3 per cent. Dogra 
(2006) observed the antifungal activity of panchgavya against major soil borne 
pathogens viz. F. solani f.sp. pisi. Mycelial bits dipped for 12 hours in panchgavya 
caused more than 90 per cent inhibition of F. oxysporum f.sp. pisi and F. solani f.sp. 
pisi. 
Host plant resistance 
Use of resistant varieties is the most important approach to control wilt 
disease. In an exhaustive work varietal screening in MPUAT Udaipur it was found 
that Sixteen genotypes were screened against diseases like wilt of Ashwagandha. 
Results revealed that, six genotypes (RAS-10, RAS-37, RAS-23, RAS-11, RAS-92 
and RAS-22) were found resistant (R) against Wilt of Ashwagandha (6-20% 
infection), while six genotypes (RAS-56, RAS-59, RAS-7, JA-20, RAS-93 & RAS-
28) showed moderate resistance to wilt of Ashwagandha (21-30% infection). 
However, four genotypes (RAS-98, RAS-111, JA-134 & RVA-100) were found 
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moderate susceptible against wilt (31-40%) (Annual Report, DMAPR 2012). 
Resistant tomato and melon cultivars are successful in conferring resistance to races 
of Fusarium oxysporum f.sp. lycopersici and F.oxysporum f.sp.melonis, respectively 
(Ori et al., 1997; Joobeur et al., 2004).Unfortunately resistance breeding can be very 
difficult when no dominant gene is known, e.g bananas (Stover and 
Buddenhagen,1986) or if the host is dioecious (eg.palm trees) (Fravel et al., 2003). To 
complicate the matter further, new races of the pathogen can develop which might 
overcome plant resistance. Virulent races of F. oxysporum f.sp.ciceris have 
undermined the importance of resistant cultivars of chickpea in recent years (Haware 
and Nene, 1982; Jimenez-Diaz et al., 1993). Singh and Mishra (1976) screened about 
530 lines of pigeonpea but none of them showed less than 5% incidence. In 
multilocational trials (Nene et al., 1989). Pigeonpea lines ICP 4769, 0063, 9168, 
10958, 11299 and cultivars C11 (ICP 7118) and BDN 1 (ICP 7182) were found 
resistant in 5 years of testing. Pal (1998) listed following cultivars/ lines resistant to 
Fusarium wilt of pigeonpea: ICP 8863, AWR 74/2, Banda Palera, DA 11. At Kanpur 
Pulse research Centre, Vishwadhar et al. (2000) identified 11 pigeonpea lines that 
possessed resistance against wilt and sterility mosaic 
Plant extracts 
Liu et al. (2004) screened ethanolic extracts of 16 plant species for their 
antifungal activity against F. oxysporum. Among 16 plant extracts, Euphorbia hirta, 
Myrica rubra and Rhodomyrtus tomentosa exhibited 60 per cent inhibition in mycelial 
growth of the pathogens.  Meena and Paul (2005) studied aqueous extracts of 10 
plants (Melia azedarach, Eupatorium odoratum, E. adenophorum, Cannabis sativa, 
Ranunculus muricatus, O. sanctum, L. camara, Vitex negundo, Camellia sinensis and 
D. stramonium) against F. solani f.sp. pisi, F. oxysporum f.sp. pisi, among them E. 
adenophorum caused 72.2 per cent inhibition of F. solani and F. oxysporum. 
Rodriguez et al. (2005) investigated the antifungal efficacy of leaf pulp of Aloe vera 
against R. solani, F. oxysporum isolated from bell pepper and observed 8.1 and 2.7 
cm of inhibition zones, respectively. The aqueous extracts of Terminalia arjuna 
(Roxb.), Mangifera indica and Azadirachta indica were tested for their antifungal 
activity against Fusarium solani by Irum et al. (2006). All the extracts exhibited 
significant reduction in radial growth of pathogen with 74.0, 67.0 and 54.0 per cent 
inhibition caused by T. arjuna, M. indica and A. indica, respectively.  Farzaneh et al. 
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(2006) studied the effect of extracts of aerial parts of Artemisia sieberi. The extracts 
were obtained through hydrodistillation and evaluated against soil borne pathogens 
(F. solani and Fusarium moniliforme). Distillates showed strong antifungal activity 
(65.7%) against F. solani and Fusarium moniliforme . Huang et al. (2006) screened 
extracts of 10 medicinal plants against F. oxysporum, the aqueous extracts of Eugenia 
caryophyllata, Coptis chinensis and Glycyrrhiza uralensis were found most effective 
against the pathogens. Aqueous and ethanol extracts of A. indica and M. azedarach 
were evaluated against pathogenic fungi of tomato F. oxysporum (Hassanein et al. 
2008). At 10 per cent concentration, aqueous extracts of A. indica and M. azedarach 
provided 100 and 16.5 per cent inhibition of F. oxysporum, respectively. Aqueous, 
petroleum ether and methanol extracts of fenugreek (3%) expressed the strongest 
inhibition (71.4%) against Fusarium graminearum (Haouala et al. 2008). Bhattarai 
and Shrestha (2009) revealed that the aqueous and ethanolic extracts of E. 
adenophorum (50 and 10% concentration) were found highly effective against F. 
oxysporum, F. moniliforme. The aqueous extracts of 46 plants were screened for 
antifungal activity against species of Fusarium (Satish et al. 2009). Zang et al. (2009) 
studied the antifungal efficacy of Ocimum basilicum var. pilosum against F. 
oxysporum, F. solani and found it most inhibitory to both the pathogens. 
Biological control of Fusarium by Trichoderma 
Eleven isolates of different fungal spp. were evaluated for their antagonistic 
activity against F. oxysporum inciting wilt in Ashwagandha under in vitro conditions. 
Different isolates showed varying degrees of antagonism. The two most effective 
isolates against Fusarium oxysporum were Trichoderma harzianum and. Trichoderma 
hamatum. Both these fungus inhibited mycelial growth at maximum in vitro 
condition. Microscopic examination at the point of contact of two fungi revealed that 
the overgrowing mycelium of the antagonist penetrated the mycelium of the pathogen 
and the tip of the hyphae of the pathogen swelled and curled making it ineffective 
(Sharma & Trivedi, 2010).  
Bajwa et al. (2004) evaluated five species of Trichoderma viz., Trichoderma 
viride, T. harzianum, T. koningii, T. aureoviride and T. pseudokoningii, for their in 
vitro anatagonistic potential against Fusarium solani, the cause of wilt disease in 
 
 
75
shisham. Among the Trichoderma species T. harzianium showed the best 
performance by reducing the colony growth by 52.4 % reduction in colony growth.    
Coleus forskohlii is an important medicinal plants, wilt of Coleus forskohlii is 
a disease complex caused by Rhizoctonia bataticola, Fusarium chlamydospourm, 
Sclerotium rolfsii  and Ralstonia solanacearum . Field experiments were conducted 
for two years (2007-08 and 2008-09) to develop the integrated management strategies 
for wilt complex. Results indicated that wilt complex was effectively managed by 
dipping the cuttings in 0.1% carboxin+thiram before planting followed by drenching 
the same fungicide at 30 days after planting. This treatment recorded maximum yield 
and next best treatment was soil application of FYM @ 10 t/ha + Trichoderma 
harzianum @ 25 kg/ha (Hegde et al., 2014) 
An effort was made to develop an eco-friendly approach to control Fusarium 
wilt in Ashwagandha using Trichoderma virens, Trichoderma harzianum and 
Aspergillus niger. Besides direct interaction with plant pathogens, bioagents have 
been reported to induce systemic resistance in plants. All of the three bio-agents used 
in this study significantly reduces the incidence of wilt and percent reduction in wilt 
incidence was recorded as 69.54%, 51.52% and 55.85% in the treatment of 
Trichoderma virens, Trichoderma harzianum and Aspergillus niger respectively. Seed 
treatment with Trichoderma virens, Trichoderma harzianum and Aspergillus niger 
significantly increases the seed germination, plant height, root thickness, number of 
branches per plant (Ashraf & Zuhaib, 2014). 
Some reports clearly indicated that the root-rot/wilt of C. forskohlii could be 
significantly reduced by the application of bio-agents like Trichoderma viride, 
Pseudomonas fluorescens and AM fungus like Glomus fasciculatum and G. mosesae 
(Singh et al., 2011)  
Harsh and Ojha (1998) reported control of Fusarium wilt of Moringa 
pterygosperma seedling using Trichoderma virens. Harsh and Kapse (1998) have 
developed the biocontrol formulation against decay of stored bamboo using 
Trichoderma harzianum and T. pseudokoningii and reported their viability for more 
than two years at room temperature in tropical climatic conditions when stored in dry 
powder using bagasse. 
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Dayaram et al. (2004) used fungal biocontrol agents like Trichoderma viride 
and Aspergillus niger, T. viride was found most effective to inhibit pathogen growth 
up to 85 %. Under field conditions, T. viride was effective on wilt affected trees after 
drenching at the rate 106 spores/ml thrice. Survival was recorded as 72 % and 48 % 
during 2002-2003 and 2003-2004, respectively.  
 Rojo et al., (2007) reported that Fusarium solani which is one of the most 
important pathogens causing brown root rot in peanuts in Argentina. Under 
conductive conditions like drought stress, the losses could reach 95% of production in 
some fields. Fungicide treatments are not effective enough to control the disease. The 
objective of this study was to evaluate Trichoderma species as potential biocontrol 
agents to reduce the impact of the disease. Under greenhouse assay the optimum 
inoculum concentration of Trichoderma harzianum ITEM 3636 and T. 
longibrachiatum ITEM 3635 were selected for field trials. Both species were 
evaluated in a field trial performed in 2003/04, in a commercial field with a previous 
history of the disease. Two seed treatments were evaluated: seeds coated with a 
conidial suspension using carboxymethylcellulose (CMC) as sticker and seeds coated 
with the antagonist fungal biomass on Biodac particles. T. harzianum in both seed 
treatments was more effective than T. longibrachiatum in decreasing the mean disease 
severity index (MSI), increasing the frequency of healthy plants, and boosting yield.   
Biological control of Fusarium by Pseudomonas and Bacillus 
Disease suppression by the introduced bacteria depends on their ability to 
colonize roots (Weller, 1984). As proposed by Johnson (1994), the amount of disease 
suppression obtained with a biological control agent depends on the density of the 
agent, the density of the pathogen, and how efficiently individual units of the agents 
render units of the pathogen ineffective. In our study, an inoculum dose of 10 g of talc 
formulation per plant was optimum, because it suppressed the disease to the same 
extent as higher doses of the antagonist. Raaijmakers et al. (1995) also reported a 
threshold dose of antagonist inoculum below which large changes in disease 
suppression resulted from small decreases in antagonist dose. The addition of neem 
cake as basal dressing increased the efficiency, probably because of building up of 
native rhizosphere antagonists in the soil. Besides microbial competition, induction of 
resistance of the host plant by biocontrol agents is another mode of action that can 
 
 
77
suppress fusarium wilt (Lemanceau and Alabouvette, 1993; Van Loon et al., 1998). 
Earlier, the effect of T. harzianum in controlling F. oxysporum f. sp. cubense was 
studied by Narendrappa and Gowda (1995). Raghuchander et al. (1997) reported that 
P. fluorescens and T. viride were equally effective in reducing the wilt incidence 
P. fluorescens expressed inhibitory action against F. oxysporum f. sp. cubense 
(Raghuchander et al., 1997), F. oxysporum f. sp. ciceris (Vidhyasekaran and 
Muthamilan, 1995), F. oxysporum f. sp. cucumerinum (Sneh et al., 1984), F. 
oxysporum f. sp. dianthi (Van Peer et al., 1991) and F. oxysporum f. sp. radicis 
lycopersici (M’Piga et al., 1997). The inhibitory action of P. fluorescens is caused by 
metabolites produced by them (Sneh et al., 1984). Flourescent pseudomonads 
produced secondary metabolites like phenazine, 2,4- diacetylphloroglucinol, 
pyocyanine, pyoluteorin and pyrrolnitrin (Thomashow and Weller, 1996). Keel et al. 
(1992) reported that metabolites of P. fluorescens were involved in the suppression of 
several root diseases.       
      Bharti et al. 2013 reported that Combined applications of PGPR P. fluorescens 
and chemical resistance inducers reduced root rot severity by 85 and 88 % and 
enhanced root yields by 358 and 419 %, respectively, against Fusarium solani-
induced root rot disease in W. somnifera. Reduction in disease severity was correlated 
with defense-related enzymes peroxidase, polyphenol oxi dase, and phenyl 
ammonium lyase.  
Some of the biotic production constraints of Coleus forskohlii are Fusarium 
wilt caused by Fusarium oxysporum (Zheng et al. 2012) and root rot/wilt (a complex 
problem involving Fusarium chlamydosporum and Ralstonia solanacearum) (Singh et 
al. 2012). Plants treated with arbuscular mycorrhizal fungus (Glomus fasciculatum), 
neem cake, or PGPR Pseudomonas fluorescens showed significantly reduction in the 
disease incidence and increased forskolin yield (Das et al. 2012). 
Fluorescent Pseudomonas are characterized by the production of yellow-green 
pigments, termed pyoverdines which fluoresce under UV light and function as 
siderophores (Demange et al. 1987; Kloepper et al. 2004). The role of siderophores 
produced by fluorescent pseudomonads in plant growth promotion was first reported 
by Kloepper et al. (1981). Pseudomonas culture and purified siderophores showed 
good antifungal activity against the plant deleterious fungi, viz., F. oxysporum, and 
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Sclerotium rolfsii (Manwar et al. 2004). Though siderophores are part of primary 
metabolism (iron is an essential element), on occasions they also behave as antibiotics 
which are commonly considered to be secondary metabolites (Haas and Defago 
2005). Suryakala et al. (2004) have reported that siderophores exerted higher impact 
on Fusarium oxysporum than on Alternaria sp. and Colletotrichum capsici      
The first commercial product of Bacillus subtilis was developed in 1985 in the 
USA. 60–75% of cotton, peanut, soybean, corn, vegeta- bles, and small grain crops 
raised in the USA are now treated with commercial product of B. subtilis, which 
become effective against soilborne pathogens such as Fusarium and Rhizoctonia 
(Nakkeeran et al. 2005). The potential of Bacillus spp. has also been widely studied 
by Backman et al. (1997).  
The bacteria belonging to Pseudomonas and Bacillus produce siderophores 
and suppress phytopathogens (Tian et al. 2009). Some PGPR draw iron from 
heterologous siderophores produced by other microorganisms (Loper and Henkels 
1999; Whipps 2001). Siderophore-mediated antagonism against species Aspergillus,  
Colletotrichum, and Fusarium by Acinetobacter calcoaceticus has been observed 
(Prashant et al. 2009). 
Shanmugam & Kanoujia, 2011reported that plant growth promoting 
rhizobacterial (PGPR) strains, GIBC-Jamog (Bacillus subtilis) and TEPF-Sungal 
(Burkholderia cepacia) and PGPR strain mixtures, S2BC-1 (B. subtilis)+GIBC-Jamog 
(B. subtilis) and S2BC-2 (Bacillus atrophaeus)+TEPF-Sungal (Burkholderia cepacia) 
which inhibited the mycelial growth of vascular wilt fungus Fusarium oxysporum 
f.sp. lycopersici were selected for assessing vascular wilt control in tomato by 
localized and induced systemic resistance (ISR) experiments in the greenhouse. Seed 
bacterization and soil application of S2BC-1+GIBC-Jamog challenge-inoculated with 
F. oxysporum f.sp. lycopersici resulted in significantly lower incidence (54.9% and 
53.8% reduction) relative to the non-bacterized pathogen control in localized and 
split-root experiments, respectively. In localized studies, the lower disease incidence 
coincided with increases in the plant vigor index and fresh weight of 44.1% and 
183.4%, respectively, relative to the pathogen control.  
 
 
 
79
Integrated management of Fusarium by Trichoderma, Pseudomonas & Bacillus  
Bio management of Fusarium wilt of numerous crops by application of 
antagonistic fungi and bacteria isolated from suppressive soils has been accomplished 
during the last two decades all over the world (Saravanan et al ., 2003). Most 
available approaches for biocontrol of plant diseases involved the use of a single 
biocontrol agent to a single pathogen (Raupach and Kloepper, 1998). This may lead to 
inconsistent performance of biocontrol agents and poor activity in all soil 
environments in which they are applied or against all pathogens that attack the host 
plant. To overcome these problems, some integrated approaches were adopted to 
achieve the effective management of the plant diseases, including enhancement of 
activity of biocontrol agents by adding organic amendments so as to induce the 
biological suppression of the biocontrolagents against a target pathogen (particularly 
root diseases in the host plant). Most of these reports on integrated management using 
biocontrol agents resulted in an improved biocontrol ability. However, there are 
reports of a combination of biocontrol agents and that resulted in the reduction of the 
biocontrol agent’s ability. Compatible interactions are an important pre-requisite for 
thesuccessful development of an integrated approach for the control of plant diseases 
(Baker, 1990).   An important pre-requisite for the desired effectiveness of strains 
appears to be compatibility of the co-inoculated microorganisms (Raaijmakerset al., 
1995; Li and Alexander, 1998).A single strain may not grow equally well in a variety 
of environmental conditions (Fukuiet al., 1994). Pseudomonas fluorescens Pf1 and 
Bacillus subtilisTRC-54 were tested individually and in combination for the 
management of wilt of banana incited by F. oxysporumf.sp.cubense (Akilaet al., 
2011). An integrated approach was developed for the management of banana wilt 
caused by Fusariumoxysporumf.sp. cubense, Trichodermaviride, T. harzianum, P. 
Fluorescens  with neem cakes was found effective (involving in vitro bioassays, 
greenhouse and field trials) (Saravananet al., 2003). The addition of neem cake as 
basal dressing increased the efficiency, probably because of building up of native 
rhizosphere antagonists in the soil. Besides microbial competition, induction of 
resistance of the host plant by biocontrol agents is another mode of action that can 
suppress fusarium wilt (Lemanceau and Alabouvette,1993; Van Loon et al., 1998).  
While dealing with the integrated management of the plant disease, systemic induced 
resistance could not be excluded. Application of P. fluorescens has enhanced defence 
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reaction in carnation against F. oxysporum f. sp. dianthi (Van Peer et al., 1991). The 
effect of T. harzianum in controlling F. oxysporum f. sp. cubense was studied by 
Narendrappa and Gowda (1995). Raghuchander et al. (1997) reported that P. 
fluorescensand T. viride were equally effective in reducing the wilt incidence. In an 
Integrated management using Trichodermaspp, P. fluorescens, B.subtilis against 
Fusarium spp inciting root rot in Withaniasomnifera, were found effective (Singh and 
Pathak, 2015). 
Chapter – Three 
 
 
 
MATERIAL & METHODS 
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MATERIALS AND METHODS 
 
 
Isolation and identification of the wilt and Leaf spot fungus 
 
Ashwagandha plants showing characteristic wilt and leaf spot symptoms were collected from 
farmer’s fields in Aligarh. The infected root and leaves samples were washed in running tap 
water. The samples were cut into small pieces and immersed with 0.1% mercuric chloride 
(HgCl2) solution for one minute and then gently washed 2-3 times in double distilled water. 
The pieces were transferred aseptically to a Petri plate containing solidified potato dextrose 
agar (PDA) under a laminar flow hood. The inoculated plates were incubated in an incubator 
at 25±2°C. The fungal colonies developed in the plates were sub-cultured on PDA slants. 
 
Ashwagandha wilt pathogen, Fusarium solani (Mart.) Sacc. was identified on the basis 
of its cultural and morphological characters (Updhayay and Rai, 1992). While Temporary 
slides of the fungus were prepared in cotton blue and examined under compound microscope. 
The fungus isolate was also compared with the standard culture procured from the Division of 
mycology and Plant Pathology, IARI, New Delhi and Institute of Microbial Technology 
(IMTECH) Chandigarh India. Isolated pathogen was submitted to National Bureau of 
Agriculturally Important Microorganisms (NBAIM)  
Kushmaur, Mau Nath Bhanjan, India.  
Ashwagandha leaf spot pathogen Alternaria alternata (Fr.) Keissler. was identified on 
the basis of its cultural and morphological characters. Induction of sporulation in the fungus is 
also very helpful in the identification of the pathogen The fungus isolate was also compared 
with the standard culture procured from the Division of mycology and Plant Pathology, IARI, 
New Delhi and Institute of Microbial Technology (IMTECH) Chandigarh India. Isolated 
pathogen was submitted to National Bureau of Agriculturally Important Microorganisms 
(NBAIM) Kushmaur, Mau Nath Bhanjan, India.  
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Mass culture of Pathogenic fungus (F. solani and A. alternata)  
 
The wilt fungus, F. solani and Alternaria leaf spot fungus A. alternata were isolated from 
Ashwagandha plants was multiplied on sorghum grains. The seeds were soaked overnight in 
5% sucrose and 0.0003% chloramphenicol solution (Whitehead, 1957). The seeds were 
transferred to conical flasks of 500 ml capacity. The flasks were autoclaved twice at 15 kg/m2 
pressure at 121°C for 15-20 minutes. Thereafter, the flasks were inoculated with the pure 
culture of F. solani and incubated for 8-10 days in an incubator at 27+2°C. During incubation, 
the flasks were shaken daily manually for a few minutes for uniform colonization of seeds. 
CFU /gram seed was estimated by using dilution plate method. The method for the preparation 
of mass culture is similar for both the pathogens, therefore similar procedure was also used in 
the mass culture of A. alternata. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1. Mass culture of pathogenic fungus. 
 
 
 
Pathogenicity test for Fusarium solani 
 
The inoculum so prepared was incorporated in the pots containing sterilized soil (2 g/kg soil) 
and mixed thoroughly. Five replicates were maintained and surface sterilized seeds of 
Ashwagandha were sown in the pots (5 seeds/pot). The pots were irrigated with tap water 
regularly to maintain adequate moisture. Symptoms developed were observed 30 days after 
sowing. The pathogen was reisolated from roots and/or stem of infected plants and Koch’s 
postulates were proved. The pathogenicity test was repeated to confirm the results. The fungus 
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was purified and compared with the previously isolated fungus. 
 
Pathogenicity test for Alternaria alternata 
Surface sterilized seeds of Ashwagndha were sown in the 25 x 25 cm2 earthen pots (diameter 
and height) containing 2 kg soil  (loam soil and farm yard manure, 3: 1). The soil was autoclaved 
at 15 kg/cm2 pressure at 121°C for 20 min. In this test 30 days old plant consist of six leaves 
was used. Alternaria alternata inoculum which was prepared earlier was now sprayed @ 
5x104 conidia/ml on the upper leaf surface of the seedlings to run-off. Inoculated plants were 
covered with polythene bags to create high humidity and maintained in a greenhouse (25°C/ 
15°C day/night) for three days. Five replicates were maintained. The pots were irrigated with 
tap water regularly to maintain adequate moisture. The pathogen was reisolated from leaf or 
stem of infected plants and Koch’s postulates were proved. The pathogenicity test was 
repeated to confirm the results. The fungus was purified and compared with the previously 
isolated fungus 
 
Standardization of inoculum level 
 
To standardize the inoculum level F. solani, sorghum seeds colonized with the fungus were 
crushed with distilled water in mixer by mixer grinder and the suspension was incorporated in 
25 cm earthern pots containing 2 kg sterilized soil. Three doses of inoculum of the fungus viz. 
2, 4 and 6 g colonized seeds/kg soil were used. The suspension containing required amount of 
colonized seeds was mixed in the pot soil thoroughly. Six replicate pots were maintained for 
each inoculum level and in which surface sterilized seeds of Ashwagandha were sown (5 
seeds/pot). The pots were irrigated with tap water regularly to maintain adequate moisture. 
Symptoms developed were observed 30 days after sowing, and the severity of wilt disease was 
observed critically. 
 
The disease incidence among 30 plants (5 plants/pot) was 60, 100 and 100% at 2, 4 and 
6 g inoculums levels, respectively. At the highest inoculum level disease severity was very 
high and around 25% seedling mortality occurred. The 4 g inoculum level was found to cause 
witling to all plants without causing mortality, hence was used in all experiments(Plate-5). 
 
Collection of Germplasm 
Seeds of Ashwagandha, Withania somnifera (dunal) were procured from the 
Directorate of Medicinal & Aromatic Plant Research, (DMAPR) Anand India. Following are 
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the germplasm procured from DMAPR JA-134, RAS-56, IC 283662, RAS-111, RVA-100, 
RAS-93, RAS-111, RVA-100, IC-310620 (A), RAS-7, RAS-28, RAS-59, JA-20, RAS-98, IC 
283942, RAS-98, RAS-37, IC 310595, RAS-23, RAS-10, IC 310620. 
  
Collection of Biocontrol agents  
 
Biocontrol agents based on Triochoderma harzianum, T. viride, Aspergillus niger, 
Bacillus subtilis and Pseudomonas fluorescens were isolated from the fields which were 
regularly engaged in Ashwagandha farming. For the preparation of mass cultures of biocontrol 
agents they were multiplied on sorghum grains. The seeds were soaked overnight in 5% 
sucrose and 0.0003% chloramphenicol solution (Whitehead, 1957). The seeds were transferred 
to conical flasks of 500 ml capacity. The flasks were autoclaved twice at 15 kg/m2 pressure at 
121°C for 15-20 minutes. Thereafter, the flasks were inoculated with the pure culture of the 
biocontrol agents and incubated for 8-10 days in an incubator at 27+2°C. During incubation, 
the flasks were shaken daily manually for a few minutes for uniform colonization of seeds. 
Population of the biocontrol agents present in the mass culture was determined at the time of 
application of the biocontrol agent’s using dilution plate method. One g formulation was taken 
in 10 ml distilled water and agitated for 5 min. Thereafter, 1 ml was transferred to a test tube 
containing 9 ml distilled water. This procedure was repeated till 10-4 (biocontrol fungi) and 
10-6 (biocontrol bacteria) were achieved. Suspension from the final dilution was spread over 
solidified media in petriplates (0.1 ml/plate) following the procedure as described. 
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Figure 3.2. Strains of Trichoderma in solid media and in liquid media 
 
Collection of fungicides 
 
Commercial grade fungicides viz. carbendazim, carboxin, coperoxychloride, captan, 
Propiconazole and thiram were procured from authorized pesticide dealers in Aligarh.   
 
Fungicides and compatibility of the biocontrol agents 
 
Compatibility of bavistin (carbendazim 50 WP), vitavax (carboxin 75 WP), captan (captaf 50 
WP) and thiram (TMTD 75 WP) these fungicides was tested with the biocontrol agents using 
poisoned food technique (Grover and Moore, 1961). Fifty ml double strength PDA, was taken 
in Erlenmeyer flasks of 250 ml capacity and sterilized. Different concentrations of fungicides 
from 25 to 5000 µg/ml were prepared in distilled water. Fifty ml of a concentration was 
aseptically transferred to the Erlenmeyer flask containing liquified PDA. Five Petri plates of 
each concentration of the fungicides were prepared by pouring 20 ml PDA aliquots in each 
plate of 90 mm diameter and allowed to solidify. Thereafter the plates were seeded centrally 
with a 3 mm disc of 4 days old culture of T. harzianum, T. viride and A. niger isolated from 
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their respective formulations. PDA plates without a fungicide but inoculated with the fungi 
served as control. The inoculated plates were incubated at 25±2°C for 5 days. The radial 
growth of the colony in each treatment was measured and the percent inhibition of growth was 
calculated by the above given formula and ED90 (Maximum inhibition concentration) and 
ED50 (Safe tolerance concentration) were determined. 
 
To determine the compatability of B. subtilis and P. fluorescens with the fungicides, 
nutrient agar in place of PDA was used as medium for both the bacteria. The plates were 
inoculated with 0.1 ml overnight cultures (107 CFU) of the bacteria which was spread over the 
solidified medium with a glass spreader. The plates were incubated at 30±2°C for 24 hrs and 
bacterial growth was observed in terms of colony forming units/plate. 
Application of pathogen, biocontrol agents and fungicides 
 
Fusarium solani 
 
Sorghum seeds colonized by F. solani were grinded with known volume of distilled water in 
an electric grinder. Twenty ml suspension containing 8 g fungus colonized seeds was mixed in 
the 2 kg soil filled in the pot to achieve inoculums level @ 4 g seeds/kg soil. In the field trials 
also the fungus was applied @ 4 g/kg soil in the top layer. Weight of the top soil (upto 10 cm 
depth) in a microplot of 2x4 m was estimated as 355 kg. Hence, the fungus suspension 
containing 1420 g colonized seeds grinded in ten liter tap water was sprinkled in a microplot to 
achieve uniform distribution of the pathogen. The inoculation was done two days prior to seed 
sowing. 
Biocontrol agents 
 
Seed treatment with biofungicide formulations of Trichoderma harzianum, T. viride , 
Aspergillus niger, Pseudomonas fluorescens and Bacillus subtilis was done @ 4 g 
fomulation/kg seed. The bead formulation of Bacillus subtilis was crushed aseptically to get 
fine powder this fine powder was applied to the seeds. The seeds were first applied with 5% 
molasses as the sticker for the proper adherence of the formulation on the seeds. Commercial 
rhizobium of Ashwagandha strain was applied to the seeds along with the biopesticides. Soil 
application of the formulations was done in the rows where the seeds were to be sown @ 4 
g/ks soil. In the combined seed treatment with biocontrol agents and fungicide, FUB 
(fungicide, Biocontrol agents) sequence was used. 
Fungicides 
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Three doses of the fungicides (Table 18) were tested for their efficacy against wilt of 
Ashwagandha i.e. recommended dose, dose lower than recommended, dose higher than 
recommended. Seed treatment and soil application was done at all the three doses of 
application.  
Table 18. Doses of fungicides used in various experiments. 
 
Fungicide Mode of Dose lower than Recommended Dose higher 
 application Recommended dose than 
    recommended 
Bavistin Seed 1g/kg seed 2 g/kg seed 4 g/kg seed 
(carbendazim 50 WP) Foliar spray  10 mg/kg soil 15 mg/kg soil 20 mg/kg soil 
Thiram Seed 1g/kg seed 2 g/kg seed 4 g/kg seed 
(TMTD 75 WP) Soil 6 mg/kg soil 9 mg/kg soil 12 mg/kg soil 
Carboxin  Seed 1g/kg seed 2 g/kg seed 4 g/kg seed 
(carboxin 75 WP) Soil 8 mg/kg soil 12 mg/kg soil 16 mg/kg soil 
Captan Seed 1g/kg seed 2 g/kg seed 4 g/kg seed 
(captaf 50 WP) Soil 2 mg/kg soil 3 mg/kg soil 4 mg/kg soil 
Mancozeb  Foliar spray 1 g/ litre  2 g/ litre  4 g/ litre 
Mancozeb 75 WP      
 Hexaconazole   Foliar spray    0.5 g/ litre   1 g/ litre   2 g/ litre 
 (Contaf  5 % EC)      
 
Observations  
Estimation of total phenol  
The leaf samples from each of the eighteen rice cultivars was collected and processed 
separately. The leaf tissue (lg) was homogenized in 10 ml 80% methanol and agitated for 15 
minutes at 70°C (Zieslin and Ben Zaken, 1993). The 1 m 1 of methanol extract was added to 5 
ml of distilled water and 250 µl of Folin-Ciocalteau reagent (IN), and the solution was kept at 
25°C for 5 min. The absorbance of the blue color that had developed was measured at 725 nm 
with a spectrophotometer (UV 2450, Shimadzu Japan). Catechol was used as standard. The 
amounts of TP were expressed as µg catechol/g fresh leaf (Sharma and Sain, 2005).  
Estimation of salicylic acid  
Leaf samples from each cultivar were collected and cut into small pieces of 0.5-1.0 cm. The 
pieces (l g) were soaked in water overnight. The water-leaf suspension was filtered through the 
Whatman filter paper no. 1 and extracted in ethyl acetate. The ethyl acetate fraction was taken 
and sodium sulphate was added to remove the moisture and the filtrate was then evaporated to 
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dryness in a water bath. Methanol (10 ml) was added to the dried sample. Thereafter, the 
solution was used for recording the absorbance at 306 nm in a spectrophotometer (UV 2450, 
Shimadzu Japan; Pankaj et al., 2005). Standard curve of salicylic acid (SA) was prepared by 
SA concentrations of 0, 10, 20, 30, 40, 50, 100 ppm in methanol. From the standard curve the 
concentration of SA in the sample was calculated according to the formula y = mx ± c 
(Lowery et al., 1951).  
 
Soil sampling and Isolation of biocontrol agents 
Soil samples were collected from rice fields in and around Aligarh to isolate local strains of 
biological control agents (BCA). The samples were brought to laboratory, and store at field 
humidity in zip lock polyethylene bags until processed by the soil dilution plating method 
(Waksman, 1922). Soil (10 g) was taken from each of the samples separately with 90 ml of sterile 
distilled water (SDW) into a 100 ml Erlyn Mayer flask. The flask was placed on a flask shaker and 
shaken for 10 min. The flask was then placed in a laminar flow and left to stand for 10 min in 
order for the heavy particles to have enough time to settle. One ml of the soil dilution was pi petted 
using a sterile pipette tip into a 25 ml glass vial containing with 9 ml SDW and shaken. This 
dilution was labelled as 10-2• The process was repeated until a 10-4 dilution was obtained. The 
100J.lI of each dilution from 10-2 to 10-4 were spread onto solidified PDA medium for Fungal 
BCAs and nutrient agar (NA) medium for bacterial BCAs in Petri plates, giving a total of ten 
plates per soil sample. The plates were then sealed with Cling Wrap and incubated in the dark at 
20°C for 10 days for fungal and at 30°C for 24 h. for bacterial BCAs.  
Isolation and characterization of biocontrol bacteria  
A good number of bacterial colonies. were obtained on the NA medium from the soil samples. To 
isolate the desired bacterial BCAs, Bacillus subtilis and Pseudomonas spp., the bacterial colonies 
were screened on the selective medium. The selective media, Bacillus Differentiation Agar and 
Pseudomonas Hi Veg Agar (HiMedia®, India) were used for above purpose. The distinct 
bacterial colonies from selective medium were further cultured and stored on nutrient agar plates 
by streaking method.  
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1. Biochemical characterization of biocontrol bacteria  
Biochemical characteristics like Gram staining, Motility, Mac-Conkey Growth, Catalase, 
Oxidase, Oxidative/fermantative test, Indole test, Citrate test, Methyl-Red test, Voges-Proskauer 
test and Triple Sugar Iron Agar test (Appendix-I) were performed on the isolated bacterial strains 
as per standard methods described by Holt et al. (1994).  
(i) Motility Test  
Bacterial motility is an important character of identification. The motility was tested in the 
motility media (HiMedia®, India). The bacteria were inoculated in the motility media and 
incubated at below the optimum temperature (37 and 22°C) to prepare the test culture. The test 
culture was stabbed with straight platinum wire into semisolid motility medium up to depth of 5 
mm and incubated at 30°C. The cloudy appearance around the stab after overnight incubation 
indicated motility of organism.  
(ii) Indole Test  
Indole test was done to find out the capability of bacteria to oxidize tryptophan into indole 
pyruvic acid and ammonia. The isolated organism was inoculated into tryptone broth and 
incubated at 30 ± 2°C for 48 h. After incubation, Kovac's reagent (dimethyl aminobenzaldehyde, 
Appendix-Il) was added to inoculated and control culture tubes.  Development of cherry red color 
at the top layer in the form of ring indicates positive test while its absence indicate negative 
reaction for indole production.  
(iii) Voges- Proskauer Test  
To determine the capability of bacteria: to produce non-acidic end products such as ethanol and 
acetoin (acetyl methyl carbinol) from the organic acid. The bacteria were inoculated in MR- VP 
broth. The culture tubes inoculated or un-inoculated (control) were incubated at 30 ± 2°C for 48 
hrs. After incubation, 12 drops of freshly prepared VP-reagent I (naphthol solution), 2-3 drops of 
VP-reagent II (40% KOH) were added in the inoculated and un-inoculated tubes. Development of 
crimson to pink (red) color may be most intense at the surface, indicates positive test while no 
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change in color indicates negative test.  
(iv)Citrate utilization  
The utilization of citrate depends on the presence of an enzyme citrase that breaks down citrate to 
oxaloacetic acid and acetic acid. The isolated bacteria was inoculated in Simmon's citrate agar 
slant and incubated at 30 ± 2°C for 48 h. After incubation, tubes were examined. Change in 
coloration of slant from green to blue indicate positive test for citrate utilization. If color does not 
change, it indicated negative test.  
(v) Catalase Test  
Catalase test was performed by adding hydrogen peroxide (H202) to the culture on a slide. The 
enzyme catalase present in the organism breaks down H202 to water and oxygen. Release of free 
oxygen bubbles indicates a positive catalase test.  
(vi)Oxidase Test  
Two strips of filter paper soaked in 1 % solution of tetramethyl p-phenylene diamine reagent were 
used. One strip of filter paper was rubbed with the speck of culture using a platinum loop. 
Compared with the control, positive reaction was indicated by an intense deep purple colour 
appearing with in 5-10 seconds and a delayed positive reaction by colouration later than 60 sec.  
(vii) Triple Sugar Iron (TSI) Agar Test  
Triple Sugar Iron (TSI) Agar is used for the differentiation of members of  Enterobacteriaceae 
according to their ability to ferment lactose, sucrose and dextrose and to produce hydrogen 
sulphide. The medium contain phenol red as pH indicator. The indicator shows different colours 
in the medium, yellow for acidic and pink colour due to alkaline nature.  
(viii) Hugh Leifson's Test (O/F TEST)  
To determine whether the isolated bacteria is oxidative (0) or fermentative (F), two tubes were 
used one without paraffin (aerobic) and the other sealed with paraffin (anaerobic). Productions 
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of acid in both open and closed tubes were described as fermentative while those which produce 
acid only in .the open tubes were called as oxidative.  
2. Morphological characterization of Pseudomonas and Bacillus isolates  
Colonies with characteristics of Pseudomonas spp. and Bacillus spp. were subcultured 
individually and purified by streaking them on their respective medium. Morphological 
identification of these bacteria was done as per the methods recommended in the Bergey's 
manual for identification of bacteria (Bergey, 1985).  
3. Molecular characterization of Pseudomonas and Bacillus strains  
The culture of three Pseudomonas and one Bacillus strains were grown in five ml NA broth 
with 10 per cent glycerol (v/v) for 72 hours at 27°C. Eppendorf tube of 1.5 ml was used to 
centrifuge the cells at 13,000 rpm for 5 min. and the pellet was suspended in 200 ml Tris base 
0.1 M and added with 200 µl  of lysis solution (0.2 N NaOH and 1% SDS), mixed and 
deproteinized with 700 III of phenol/chloroform/isoamyl alcohol (25:24:1 v/v/v). It was 
homogenized and centrifuged for 10 min. at 13,000 rpm. Top layer containing bacterial DNA 
was taken without disturbing the bottom layer and transferred to 1.5 ml micro centrifuge tube. 
To this, 700 III of ice cold 95% ethanol was added to precipitate the DNA and vortexed. Finally 
washed with 70% ethanol and centrifuged at 8000 rpm for 5 min. Precipitated DNA was dried 
at room temperature and suspended in 100 III of water. The samples were electrophoresed on 
0.8 per cent agarose gels as explained earlier. To confirm the identity of Pseudomonas and 
Bacillus strains, 16s rRNA gene fragment were amplified using Universal primer, The 
nucleotide sequences of 16S RNA of two strains of Pseudomonas fluorescens and one strain 
of Bacillus subtilis found effective bacterial bioagent was given below: 
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100% Matching:  Pseudomonas fluorescens gene for 16S ribosomal RNA, Strain 
TBTK040306CSequence ID: dbj| LC057708.1|Length: 1533Number of Matches: 1 
>Strain….. 
tgcagtcgagcggatgaagggagcttgctcctggattcagcggcggacgggtgagtaatg 
cctaggaatctgcctggtagtgggggacaacgtttcgaaaggaacgctaataccgcatac 
gtcctacgggagaaagcaggggaccttcgggccttgcgctatcagatgagcctaggtcgg 
attagctagttggtgaggtaatggctcaccaaggcgacgatccgtaactggtctgagagg 
atgatcagtcacactggaactgagacacggtccagactcctacgggaggcagcagtgggg 
aatattggacaatgggcgaaagcctgatccagccatgccgcgtgtgtgaagaaggtcttc 
ggattgtaaagcactttaagttgggaggaagggttgtagattaatactctgcaattttga 
cgttaccgacagaataagcaccggctaactctgtgccagcagccgcggtaatacagaggg 
tgcaagcgttaatcggaattactgggcgtaaagcgcgcgtaggtggttcgttaagttgga 
tgtgaaatccccgggctcaacctgggaactgcatccaaaactggcgagctagagtatggt 
agagggtggtggaatttcctgtgtagcggtgaaatgcgtagatataggaaggaacaccag 
tggcgaaggcgaccacctggactgatactgacactgaggtgcgaaagcgtggggagcaaa 
caggattagataccctggtagtccacgccgtaaacgatgtcaactagccgttggg 
100% Matching:  Pseudomonas fluorescens gene for 16S ribosomal RNA, Strain 
Pseudomonas fluorescens AY947533 
cgctggcggcaggcctaacacatgcaagtcgagcggcagcacgggtacttgtacctggtggcgagcggcggacgggtgagtaatgc
ctaggaatctgcctggtagtgggggataacgtccggaaacgggcgctaataccgcatacgtcctacgggagaaagtgggggatcttcg
gacctcacgctatcagatgagcctaggtcggattagctagttggtgaggtaatggctcaccaaggctacgatccgtaactggtctgagag
gatgatcagtcacactggaactgagacacggtccagactcctacgggaggcagcagtggggaatattggacaatgggcgaaagcctg
atccagccatgccgcgtgtgtgaagaaggtcttcggattgtaaagcactttaagttgggaggaagggtacttacctaatacgtgagtatttt
gacgttaccgacagaataagcaccggctaactctgtgccagcagccgcggtaatacagagggtgcaagcgttaatcggaattactggg
cgtaaagcgcgcgtaggtggtttgttaagttggatgtgaaagccccgggctcaacctgggaactgcatccaaaactggcaagctagagt
atggtagagggtggtggaatttcctgtgtagcggtgaaatgcgtagatataggaaggaacaccagtggcgaaggcgaccacctggact
gatactgacactg 
 
 99% Matching:  Bacillus subtilis gene for 16S ribosomal RNA, Strain AM110947.1    
gcggcaggcctaacacatgcaagtcgagcggtaacagatccagcttgctg 
gatgctgacgagcggcggacgggtgagtaatgcataggaatctgcccgat 
agtgggggataacctggggaaacccaggctaataccgcatacgtcctacg 
ggagaaagggggctccggctcccgctatgggatgagcctatgtcggatta 
gctagttggtgaggtaacggctcaccaaggccacgatccgtagctggtct 
gagaggatgatcagccacatcgggactgagacacggcccgaactcctacg 
ggaggcagcagtggggaatattggacaatgggggaaaccctgatccagcc 
atgccgcgtgtgtgaagaaggccctcgggttgtaaagcactttcagcgag 
gaagaacgcctggcggttaatacccgctaggaaagacatcactcgcagaa 
gaagcaccggctaactccgtgccagcagccgcggtaatacggagggtgca 
agcgttaatcggaattactgggcgtaaagcgcgcgtaggtggcttgataa 
gccggttgtgaaagccccgggctcaacctgggaacggcatccggaactgt 
caagctagagtgcaggagaggaaggtagaattcccggtgtagcggtgaaa 
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Molecular characterization Trichoderma species 
To perform molecular characterization of Trichoderma species/isolates, the DNA was  
obtained from Trichoderma colonies that had arisen from a single spore culture (Bourguignon, 
2008). Firstly, specialised filter pipette tips were prepared to enable hypha I fragment free spore 
suspensions. For this, a large sheet (20 x 30 em) of lens cleaning tissue (Whatman" 105, India) was 
cut into strips approximately 1 x 7 em. A long stainless steel rod was used to tightly pack five of 
these strips individually into a 1 ml pipette tip. The tips were then autoclaved at 121°C and 15 psi 
for 15 min. Sterile 0.1% Tween 80 (Qualigen, India) solution was poured (3-5 ml) onto a 
sporulating Trichoderma culture, and using a sterile hockey stick, the surface of the colony was  
scraped to detach spores from the hyphae. The spore solution was pi petted (~1 ml) through the 
lens tissue packed tips to filter out any hyphal fragments present in the suspension. The 200-500 III 
filtrate was added to sterile screw-top 1.5 ml cryo-tubes containing 1 ml sterile water. The 200 III 
filtrates contains a high concentration of spores. The mixture was vortexed and 20 III diluted spore 
suspension from the screw- top cryo-tubes were pipetted into 9 ml of SDW to further more dilute 
spore suspension. Finally, 20 III of this suspension was plated onto solidified PDA + 0.1 %  
Triton X-I 00 (Qualigen, India) in Petri plate. Triton X -100 encourages spore separation by 
reducing the surface tension of water allowing better spreading of water droplets. The plates were 
incubated in the dark at 20°C for 48 hr. Thereafter individual germinating spores were selected and 
were transferred onto a Petri dish containing solidified PDA. Young Trichoderma colonies that 
had arisen from a single spore had a very distinctive umbrella shape. This characteristic made 
single spore colonies easy to distinguish from star shape colonies that had arisen from a cluster of 
spores or hyphal fragments. The single spore colonies were incubated for 48 hr. at 20°C and used 
for DNA extraction. 
Fungal DNA from pure culture was extracted as discussed earlier and 18s rRNA-ITS 
region was amplified by Veriti 96 well thermal cycler (Applied Biosystem, USA) using the fungal 
domain specific primers of ITS I (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 
(5TCCTCCGCTTATTGATATGC-3') (White et al., 1990).  The samples were electrophoresed on 
agarose gel as discussed in the previous section. Finally, the PCR products were visualised under 
Gel Logic 212 Pro (Carestream molecular Imaging, USA). The sequencing of Trichoderma species 
was carried out by. The sequences of of 2 strains of Trichoderma  harzianum are as follows 
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>130604-09_C05_3841_ITS4.ab1 1184 
T.HARZIANUM 
GAACTCGGGATCCTACCCTGATCGAGGTCACATTTCAGAAGTTGGGTGTT 
TAACGGCTGTGGACGCGCCGCGCTCCCGATGCGAGTGTGCAAACTACTGC 
GCAGGAGAGGCTGCGGCGAGACCGCCACTGTATTTCGGAGACGGCCACCG 
CCAAGGCAGGGCCGATCCCCAACGCCGACCCCCCGGAGGGGTTCGAGGGT 
TGAAATGACGCTCGGACAGGCATGCCCGCCAGAATACTGGCGGGCGCAAT 
GTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTT 
ATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTG 
TTGAAAGTTTTGATTCATTTTCGAAACGCCTACGAGAGGCGCCGAGAAGG 
CTCAGATTATAAAAAAACCCGCGAGGGGGTATACAATAAGAGTTTTGGTT 
GGTCCTCCGGCGGGCGCCTTGGTCCGGGGCTGCGACGCACCCGGGGCAGA 
GATCCCGCCGAGGCAACAGTTTGGTAACGTTCACATTGGGTTTGGGAGTT 
GTAAACTCGGTAATGATCCCTCCGCATCCCCCCTCCGCGGGAAGGCCATT 
TTCCGGGAGTTCACATCTCCAAAACCTCAATGTGAACGTTACCAAACTGT 
TGCCTCGGCGGGATCTCTGCCCGGGGTGCGTCGCAGCCCCGGACCAAGGC 
GCACGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGGCGGGT 
TTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAAT 
GAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGACATCGATGAAGAA 
CGCAGCGAAATGCGATAAGGTATGTGAATTGCAGAATTCAGTGAATCATC 
GAATCTTTGACCGCACATTGCGCGCGCGAGTATTGTGGAGGGCATGCTTG 
CCCGGGGCGTTGTGCGCCGGTCGGACGGATCCGGCGCCTTGGCGTTGGGC 
CCTCCAAAATACATGGGGGGGTGTCCCCCCCCTTCCGGCGAAGAGTTGTG 
ACCCCCCTACGGGGGGCCGGCCCCCCCCCGCGGCGCCTACCCCCCCCATT 
TTGGTAGTGTGGCTTCTGAAAGGGGGGAGATAACCCCTAAATTTTAACAC 
CCGGTTTCGGGGGGAAAAAAAAAAAAAAAANNNN 
 
130604-09_A05_3841_ITS1.ab1 597 
T.HARZIANUM 
 
GGGTAAGGAGNGTACACTACCAACCCAATGTGAACGTTACAAACTGTTGC 
CTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGACCAAGGCGCC 
CGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTT 
TTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAAATGAAT 
CAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCA 
GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAAT 
CTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCG 
AGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCG 
GCCCTGCCTTGGCGGTGGCCGTCTCCGAAATACAGTGGCGGTCTCGCCGC 
AGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGCGGCGCGT 
CCACAGCCGTTAAACACCCAACTTCTGAAATGTTGACCTCGGATCAGGTA 
GGAATACCCGCTGAACTTAAGCATATCAAACGGGGGGGGAGAAAANN 
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Pot Experiments 
Efficacy of Fungicides and BCAs alone against Leaf spot of Ashwagandha  
 
To determine the efficacy of fungicides and BCAs alone against Alternaria leaf spot of  
shwagandha, in pot experiment was conducted and following 24 treatments of seed 
treatments and foliar spray  lone of fungicides and BCA at different doses were done in 
replicate 
1  Plant (Control Non-inoculted plants) 
2 Plant + Mancozeb (0.2%) 
3 Plant + Carbendazim  (0.1%) 
4 Plant + Hexaconazole (0.1%) 
5 Plant + Difenoconazole (0.2%) 
6 Plant + Propiconazole (0.2%) 
7 Plant + T. harzianum (TNS1) ST 
8  Plant + T. viride (TVR1) ST 
9 Plant + T. virens (TVS1) ST 
10 Plant + T. harzianum (TNS3) ST 
11  Plant +  P. Fluorescens (PNS2) ST 
12 Plant + T. harzianum (TNS1) ST 
13 Plant + Inoculted plants (IP) 
14 Inoculated plant + Mancozeb (0.2%)  
15 Inoculated plant + Carbendazim (0.1%)  
16 Inoculated plant + Hexaconazole (0.1%)  
17 Inoculated plant + Difenoconazole (0.2%)  
18 Inoculated plant + Propiconazole (2g/ kg seed)  
19 Inoculated plant + T. harzianum (TNS1) ST 
20  Inoculated plant + T. viride (TVR1) ST 
21 Inoculated plant + T. virens (TVS1) ST 
22 Inoculated plant + T. harzianum (TNS3) ST 
23  Inoculated plant +  P. Fluorescens (PNS2) ST 
24 Inoculated plant + T. harzianum (TNS1) ST 
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Treatments 
 
Efficacy of Fungicides and BCAs alone against wilt of Ashwagandha (Pot culture) 
 
To determine the efficacy of fungicides and BCAs alone against wilt of Ashwagandha, 
pot experiment was conducted.  The following 22 treatments of seed treatments by 
fungicides and biocontrol agents at different doses were evaluated for their efficacy. 
1 
 Plant (Control Non-Inoculted plants) 
2 Plant + Carboxin (2g/ kg seed) 
3 Plant  + Carbendazim (2g/ kg seed) 
4 
Plant + Captan (2g/ kg seed) 
5 Plant + Copperoxychoride (2g/ kg seed) 
6 Plant + Propiconazole (2g/ kg seed) 
7 Plant +T. harzianum (TNS3) ST 
8 Plant  + T. harzianum (TNS1) ST 
9  Plant  + A. niger (ANS1) ST 
10 Plant  + P. Fluorescens (PNS1) ST 
11 Plant + B. subtilis (BNS1) ST  
12 
Plant + Inoculted plants  
13 
Inoculated plant + Carboxin (2g/ kg seed)  
14 Inoculated plant + Carbendazim (2g/ kg seed)  
15 Inoculated plant + Captan (2g/ kg seed)  
16 
Inoculated plant + Copperoxychoride (2g/ kg seed)  
17 Inoculated plant + Propiconazole (2g/ kg seed)  
18 Inoculated plant +T. harzianum (TNS3) ST 
19 Inoculated plant  + T. harzianum (TNS1) ST 
20 Inoculated plant + A. niger (ANS1) ST 
21 Inoculated plant + P. Fluorescens (PNS1) ST 
22 Inoculated plant + B. subtilis (BNS1) ST  
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Efficacy of combined application of Biofungicide and fungicide in the management 
of fusarium wilt (Field trial) 
 
Based on performance of biocontrol agents and fungicides in the pot trial and 
their mutual compatibility, T. harzianum (TNS3), Pseudomonas fluorescens (PNS1) 
(biocontrol agents) and carbendazim, carboxin (fungicides) were selected to evaluate 
their effectiveness under combined application. Objective of this experiment was to 
reduce pesticide input, hence lowest dose (less than recommended dose) of fungicide 
was used by integrating with the biocontrol agents. The idea behind using this dose was 
that the lower dose of fungicide would provide protection to the seed by the time 
biocontrol agent get established in the rhizosphere and initial antagonistic activity 
against the pathogen. . In the combined seed treatment with biocontrol agents and 
fungicide, FIB (fungicide, insecticide and biofungicides) sequence was used.For 
combined application of biocontrol agents and one fungicide following treatments were 
maintained. 
 
1. Control (uninoculated)  
 
2. Fungicide seed treatment  
 
3. Fungicide soil application  
4. BCA seed treatment  
5. BCA soil application   
6. Fungicide seed treatment + Biofungicide seed treatment  
7. Fungicide soil application + Biofungicide seed treatment  
8. Fungicide seed treatment + Biofungicide soil application  
9. Fungicide soil application + Biofungicide soil application  
10. Control (inoculated)   
11. Fungicide seed treatment + Fusarium solani  
12. Fungicide soil application + Fusarium solani  
13. Biofungicide seed treatment + Fusarium solani  
14. 
Biofungicide soil 
application 
+ Fusarium solani  
  
15. Fungicide seed treatment + Biofungicide seed treatment + F. solani 
16. Fungicide soil application + Biofungicide seed treatment + F.solani 
17. Fungicide seed treatment + Biofungicide soil application + F. solani 
18. Fungicide soil application + Biofungicide soil application + F. solani 
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Crop culture 
Seeds of Ashwagandha Withania somnifera (Dunal) were procured from 
Directorate of Medicinal & Aromatic Plant Research Anand, India. The mycoflora 
examination of seeds (external and internal) through blotter paper test (Tempe, 1970) 
revealed absence of F. solani or other potential pathogenic fungi on the seeds. Seeds 
were first coated with jaggary solution (25g jaggary in 100 ml water and 10 g gum 
Arabica), thereafter fungicide and then biocontrol agent were applied to the seeds. The 
seeds were sown in pots (5 seeds/pot) or in rows in microplots (26 seeds/row, 3 
rows/microplot), where antagonists and/or fungicide had already been applied. After 
sowing of seeds light irrigation was done. 
Pot culture 
Pot trials were conducted in clay pots (25 cm diameter and height). Soil (sandy 
clay loam) taken from a normal field was filled in 5 kg bags and steam sterilized in 
autoclave at 15 kg/m2 pressure at 121oC for 1 hour. Compost was also steam sterilized. 
Pots were filled with steam sterilized soil amended with compost (3:1). Application of 
fungicides and biocontrol agents was done according to standard methods explained 
above and surface sterilized seeds of Ashwagandha strain were sown (5 seeds/pot). 
Twenty days after sowing germinated seedlings were thinned to one. The pots were 
irrigated regularly by adding tap water to maintain adequate moisture in the pots. Crop 
was raised for 6 months. Three replicates (3 each for plant growth) for each treatment 
were maintained, which were arranged in a completely randomized block in the Faculty 
of Agriculture sciences A.M.U, Aligarh. 
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Figure 3.3. F. solani Inoculated and uninoculated pot of Ashwagandha. 
 
Field trial 
 
To determine the efficacy of different treatments against wilt of Ashwagandha 
experiments were also conducted in field. The soil was sandy clay loam (66.7% sand, 
silt 19%, clay 14.3%) water holding capacity 43%, pH 7.9, organic carbon 0.016, 
percent organic carbon 1.9. The major climatic factors viz. temperature, humidity and 
rainfall that prevailed during the experiments in the field plots (10 August to 10 
February) were 27.8oC (19.5-44oC), 71.5% (30-92%) and 51.5 mm (0-305 mm) in 
2005-06 and 31.6oC (21- 
 
 
Figure 11. A view of experimental field. 
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41oC), 64.6% (52-80%) and 29.3 mm (0-150 mm) in 2012-13 and 28.9oC (18.6-
42.0oC), 70.2% (30-92%) and 49.6 mm (0-320 mm) in 2013-14. Three fields were 
selected, one in the Faculty Farm, Aligarh Muslim University and two fields of farmer 
Dhayanpal (village panihavar, Tehsil: Gabhana, District: Aligarh, India). Separate (new) 
fields were used to carry out the experiments so that previous microbial populations 
could not interfare with treatments. Deep ploughing with soil turning plough followed 
by two to three cross harrowing and proper leveling was done to avoid stagnation of 
water. At the times of final ploughing farm yard manure @ 8-10 q/ha was added to the 
soil. In the properly prepared field, microplots (2x4 m) were layed down with 0.5 m 
wide and 0.25 m high bunding (margins) to permit flood irrigation to individual plots. 
 
The width of the bunding was considered adequate to minimize possible lateral 
movement of microorganisms. 
 
Observations 
 
During the crop growth plants were regularly observed and the following observations 
were recorded at different time intervals. 
 
1. Wilt incidence/ Wilt severity  
 
2. Soil population of biocontrol agents  
 
3. Soil population of the wilt fungus  
 
4. Non functional nodules/root system  
 
6. Dry weight of plant/plant  
 
7. Yield of root/plant  
 
Wilt incidence and severity  
 
Visual observations were made on four month old Ashwagandha plants (before 
flowering stage) to determine wilt severity (pot experiment) 0-5 scale and incidence 
(field experiment) according to the following formulae:  
 
Wilt incidence (%) = Number of wilted plants in a microplot x 100 
Total number of plants in a microplot 
 
Wilt severity = Number of branches/twigs/leaves showing wilt symptom x 100 Total 
number of branches/twigs/leaves of a plant 
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The severity was converted in to wilt index on 0-5 scale. 0= no wilting, 1= 1-19%, 2= 
20-39%, 3=40-59%, 4= 60-79%, 5= 80-100%. 
Soil population of the wilt fungus and biocontrol agents 
 
Soil populations of the wilt fungus, Fusarium  solani  and biocontrol agents, 
Trichoderma harzianum, T. viride, Aspergillus niger, Bacillus subtilis and 
Pseudomonas fluorescens) was estimated at two month interval by using dilution plate 
method (Waskman, 1927). Soil was collected from the rhizosphere of all three plants 
(pots) and or randomly selected 5 plants in each three microplots (field). The soil 
collected form five plants in a microplot was mixed to make a composite sample 
(replicate) of a treatment. The soil was sieved through a coarse sieve. One gram of the 
soil was taken in a conical flask to which 9 ml sterile water was added. The soil-water 
mixture was stirred over a magnetic stirrer for 5 minutes. One ml of this suspension was 
transferred to 9 ml sterile water in a test tube. One ml sample was then transferred to 
another tube containing 9 ml sterile water. The process was repeated till the desired 
dilution of 10-4 (for fungi) and 10-6 (for bacteria) was achieved. Each suspension was 
shaken over magnetic stirrer for few seconds and was in motion while being drawn into 
the micropipette. From the final dilution 0.1 ml suspension was aseptically spread 
(under Laminar flow) over solidified medium in Petri plates. Different medium were 
used Fusarium specific medium for F. solani, Trichoderma specific medium for 
Trichoderma spp., and King’s B medium for P. fluorescens with various supplements. 
Three plates were maintained for each dilution. The agar plates were prepared three 
days previously to ensure that the medium in the plate was free from contamination. The 
plates were then incubated at 25+2°C for 5-10 days for fungi and 35+2°C for 24 h for 
bacteria to get the colonies. After incubation, the plates were examined under a colony 
counter to determine soil population of the microorganism on the basis of morphological 
characters. 
 
Dry weight of plants 
 
 
At maturity plants were uprooted from field plots (3 plants)/microplot (5 
plants/microplot at random). Shoots and Roots were washed thoroughly to remove soil 
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debris. Plants were then oven dried in the oven at 70oC for 72 hours. Dry weight of the 
plants was recorded after weighing. 
 
Yield per plant or microplot 
 
After harvesting roots were removed from plants with the help of manual cutter. Roots 
on the basis of diameter were categorically distributed in Grade A, Grade B and Grade 
C (on the basis of their thickness and brittleness). Yield was detrmined in terms of 
weight of roots/plant. 
 
Statistical analysis 
 
The observations taken from five plants from a microplot were averaged and considered 
as one replicate. Since three microplots were maintained for each treatment, there were 
three replicates. In the pot culture experiment, there were also 3 pots hence three 
replicates pots. The data on dry weight of plant and yield of roots were subjected to a 
two-factor analysis of variance. Pathogens were considered as one factor, whereas 
biocontrol agent/fungicide treatments as second factor. The data on wilt incidence, soil 
population etc. was analyzed for single factor ANOVA. Wilt incidence was angularly 
transformed before the analysis. Least significance difference (L. S. D.) was calculated 
at P<0.05 for all variables to compare individual treatments. The data has been 
presented in tabulated and graphical forms. Regression analysis was also performed to 
understand relationship between disease incidence and yield loss. SPSS and SAS 
software were used to analyze the data accordingly. 
 
Chapter – Four 
 
 
 
RESULTS AND DISCUSSION 
  
 103
RESULTS 
EXPERIMENT    I 
 Screening of indigenous germplasm of Ashwagandha against Alternaria leaf 
spot caused by Alternaria alternata under pot condition 
 
Leaf spot of Ashwagandha 
Symptoms  
The Ashwagandha cultivars screened for host reaction against, Alternaria 
alternata expressed varied response. In general, the cultivars are inoculated with 
spore suspensions of Alternaria alternata (105 spores per millilitre of suspension). 
Inoculated Ashwagandha seedlings showed necrotic concentric spots on the leaf of 
cvs. JA-134, RAS-56, IC 283662 RAS-111, RVA-100, RAS-93. Showed yellowing 
of leaves the typical brown target spots and dropping of leaves were observed on the 
leaf 7 to 10 days after inoculation. Later, the brown concentric spots turned black. 
Greater disease severity was recorded on Ashwagandha cultivars JA-134 (4.6 on 0-5 
scale), RAS-56 (4.2), IC 283662 (4.1), RAS 111 (3.9), RVA-100 (3.5) and IC 
310620 (A) (3.1). The cvs. RAS-37 (1.5), IC 310595 (1.3), RAS-10 (1.1) and IC 
310620 (B) (0.80) showed disease of a lower severity (Fig. 4.1). Any of the 18 
cultivars of Ashwagandha was not found completely free from A. alternata 
infestation during the evaluation test. The overall order of disease severity on the 
cultivars was JA-134 > RAS-56 > IC 283662 >RAS-111 > RVA-100 > RAS-
93>RAS 111>RVA-100> IC 310620 (A)>RAS-7>RAS-28>RAS-59>JA-20>RAS-
98 >IC 283942>RAS-98>RAS-37 > IC 310595 >RAS-23 > RAS-10 > IC 310620 
(B)  
Plant yields  
The 18 cultivars of Ashwagandha screened in the study showed varied yield 
performance in the inoculted and uninoculated seedlings in both the years of study. In 
uninoculated soil, the Ashwagandha cvs. JA-20, RAS-10, RAS-59, RAS-56, RAS-
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111, IC283662, were found to be high yielding, whereas, the cvs. IC310620 (A) and 
IC 283942 had relatively lower yields in both years (Table 1). The inoculation with 
Leaf spot fungus caused significant yield decline in most of the cultivars (P≤ 0.05; 
Table 4.1). The greatest decrease in the yield was recorded in cvs. JA-134 (68-70%), 
RAS-56 (64-67%), IC 283662 (50-53%), RAS-111 (47-50%), RVA-100 (45-47%), 
RAS-93 (34-35%), JA-20 (29-31%)  
Total phenol content (TPC) 
Total phenol content (TPC) of leaves varied greatly in Ashwagandha 
cultivars. However, within cultivars in un-inoculated treatments, no significant 
change in TPC (P≤0.05) was recorded during the observation period (0-90 days). In 
fungus inoculated plants, the total phenol contents of Ashwagandha leaves increased 
gradually and reached to a maximum concentration on 10 or 15 days after 
inoculation, thereafter, it decreased and became constant from 20-90 days after 
inoculation (Fig. 48). In general, TPC were significantly higher in the fungus 
inoculated plants than un-inoculated plants . Greatest increase in the TPC of A. 
alternata inoculated over un-inoculated plants was recorded in the cvs. RAS-59 
(12%), RAS-23 (15%), RAS-98 (18%) and IC-283942 (20%) (P≤0.05) (Fig. 4.2). 
Whereas the lowest increase in TPC was recorded in Ashwagandha cvs. JA-134 and 
RAS-56. The correlation analysis showed higher TPC in the Ashwagandha cultivars 
that developed low level of Alternaria blight symptoms, and low TPC in cultivars 
with high disease severity.  
The salicylic acid contents (SAC) of Ashwagandha leaves increased in a way 
similar to TPC, and greater SAC were recorded in inoculated than uninoculated 
Ashwagandha plants. Among Ashwagandha culivars the highest SAC was recorded 
in the cv. IC-283942(15%) followed by RAS-59 (12%), RAS-23 (13%) and RAS-98 
(10%) at 15 days after inoculation over respective un-inoculated cultivars (Fig. 4.3). 
In the cvs. RAS-111 and  RVA-100, SAC were recorded highest at 10 days after 
inoculation, and thereafter, the concentration gradually and significantly decreased 
upto 20 days of inoculation. From 20 days onward till 90 days, the SAC remain 
unchanged (Fig.4.3). The correlation analysis revealed greater SAC in cultivars that 
developed a lower disease severity and vice-versa.  
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Conclusion   
Among 18 Ashwagandha cultivars screened for host response, two cultivars 
viz., RAS-10 and RAS-23 expressed resistance against A. alternata.  The cultivars 
RAS-56 and JA-134 were found to be consistently susceptible and highly susceptible 
respectively. The cvs. IC 310595, RAS-10, RAS-37, RAS-23 and RAS-98 showed 
increase in the salicylic acid contents of leaf and total phenol content. The greatest 
increase in the leaf contents of salicyclic acid (18-20%) and total phenol (15-17%) 
was recorded in cv. RAS-10. During the study of plant yield the cultivars JA-134 (68-
70%), RAS-56 (64-67%), IC-283662 (50-53%), RAS-111 (47-51%) and RAS-93 (40-
45%) showed greatest decrease in the plant yield. The Lowest decrease in plant yield 
was recorded in RAS-10 (5-8%) and RAS-23 (10-14%), RAS-98 (14-16%). Total 
phenol and salicyclic acid contents of leaves increased up to 45 days of sowing and 
thereafter gradually decreased. Increase in the TPC and SAC were negatively 
correlated with the disease severity. Based on the morphological and biochemical host 
reaction the cv. RAS-10 and RAS-23 may be exploited for commercial cultivation of 
Ashwagandha in the areas infested with Alternaria leaf spot fungus Alternaria 
alternata.  The cultivars RAS-56 and JA-134 should be avoided in those Areas/fields 
where the disease incidence and disease occurrence of this pathogen was high 
 
.  
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EXPERIMENT  II 
 Screening of indigenous germplasm of Ashwagandha against Fusarium wilt 
caused by Fusarium solani under pot condition 
Fusarium wilt of Ashwagandha 
Symptoms  
 The Ashwagandha cultivars screened for host reaction against, Fusarium 
solani expressed varied response. In general, the cultivars inoculated with 2 gram 
Ashwagandha seeds colonized with Fusarium solani (1x106 CFU/g) showed 
yellowing and drooping of leaves followed by wilting of the seedling of cvs. RAS-
111, RVA-100, RAS-28, RAS-98 and RAS-10. Symptoms appear after 30-35 days 
after inoculation. Greater disease severity was recorded on Ashwagandha cultivars 
RAS-111 (4.7 on 0-5 scale), RVA-100 (4.2), RAS-98 (3.8), RAS-93 (3.7), IC 
283662 (3.3) and IC 283942 (3.2). The cvs. RAS-7 (1.3), JA-20 (1.5), RAS-37 (1.5) 
and RAS-23 (1.8) showed disease of a lower severity. Any of the 18 cultivars of 
Ashwagandha was not found completely free from Fusarium solani infestation 
during the evaluation test. The overall order of disease severity on the cultivars was 
RAS-111 > RVA-100 > RAS-28 > RAS-98 > RAS-98 > RAS-93>RAS-10>IC-
283662>IC-283942>RAS-59>RAS-56>IC-310620(A)>IC 310620>IC310595 >JA-
134>RAS-23>RAS-37 >JA-20>RAS-7 (Fig. 4.4). 
Soil population of Fusarium solani 
The final soil population of Fusarium solani at the time of harvesting (4 
month after planting) showed a considerable degree of variation with regard to 
cultivars. Highest soil population of F.solani was recorded in the root zone of cv. 
RAS-111 and RAS-98. The soil population on cvs. RAS-23 & JA-134 was 
significantly less than the cv.  RAS-28 and RAS-93(P≥0.05). Lowest population of F. 
solani was recorded from the RAS-7 followed by JA-20. The order of the soil 
population in different cultivars was RAS-111 > RAS-98 > RAS-28>RAS-93 > 
RAS-10 > IC283662 > IC283942>RAS-56>IC283662 >IC 283942>RAS-59>RAS-
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56>IC 310620 (A)>IC 310620>IC310595 >IC310620>JA-134 >RAS-23 (Fig. 4.5).  
Total phenol content (TPC) 
Total phenol content (TPC) of leaves of Ashwagandha varied significantly 
cultivars(P≤0.05). In general the phenol content were significantly higher in 
Fusarium inoculated plants than un-inoculated plants. In fungus inoculated plants, 
the total phenol contents of Ashwagandha leaves increased gradually and reached to 
a maximum concentration on 10 or 15 days after inoculation, thereafter, it decreased 
and remain unchanged till 30 days after inoculation (Fig. 4.6). From 30 days 
onwards the TPC further decreased to a lowest at 90 days. Inocultation of Fusarium 
solani resulted in a significantly higher decrease in TPC of cvs. JA-20 (16%), RAS-
23 (13%) and RAS-37 (10%) compared to uninoculated control. The lowest increase 
increase in TPC was recorded in the cvs. RAS-111 and RVA-100. The correlation 
analysis showed higher TPC in cultivars that developed low levels of Fusarium wilt 
symptoms and vice versa. 
The salicylic acid contents (SAC) of Ashwagandha leaves were significantly 
higher in Fusarium inoculated plants than un-inoculated plants. Significantly greater 
SAC was recorded in cvs. JA-20 (17%), RAS-23 (11%) and RAS-37 (9%) compared 
to uninoculated control. The SAC in the leaves of cvs. IC-310595 and RAS-10 was 
recorded highest at 10 days after inoculation, however the concentration gradually 
and significantly decreased after 15 days of inoculation and retained a constant level 
at 30 days. From 30 days onwards the SAC further decreased to a lowest level at 90 
days. The correlation analysis has shown greater SA concentration in cultivars that 
developed a lower disease severity and vice-versa (Fig. 4.7). 
Plant yields  
The 18 cultivars of Ashwagandha screened in the study showed varied yield 
performance in the inoculted and uninoculated seedlings in both the years of study. In 
uninoculated soil, the Ashwagandha cvs. RAS-7, JA-20, RAS-37, RAS-23, JA-134, 
IC-310595, IC-310620, RAS-56, were found to be high yielding, whereas, the cvs. 
RAS-111 and RAS-98 had relatively lower yields in both years the (Table. 4.2). The 
inoculation with Leaf spot fungus caused significant yield decline in most of the 
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cultivars (P≤ 0.05; Table 4.1). The greatest decrease in the yield was recorded in cvs. 
JA-134 (68-70%), RAS-56 (64-67%), IC 283662 (50-53%), RAS-111 (47-50%), 
RVA-100 (45-47%), RAS-93 (34-35%), JA-20 (29-31%) 
Conclusion 
Among 18 Ashwagandha cultivars screened for host response, two cultivars 
viz., RAS-7 and RAS-37 expressed resistance against Fusarium wilt. The cultivars 
RAS-111 and RVA-100 were found to be consistently susceptible and highly 
susceptible respectively. The cvs. RAS-7, RAS-37, JA-20, RAS-23 and JA-134 
showed increase in the salicylic acid contents of leaf and total phenol content. The 
greatest increase in the leaf contents of salicylic acid (14-17%) and total phenol (15-
19%) was recorded in cv. RAS-37. Total phenol and salicylic acid contents of leaves 
increased up to 40 days of sowing and thereafter gradually, decreased. Increase in the 
TPC and SAC were negatively correlated with the disease severity. Based on the 
morphological and biochemical host reactions the cvs. RAS-7 and RAS-37may be 
exploited for commercial cultivation of Ashwagandha in the areas infested by wilt 
pathogen.  The cultivars RAS-111and RVA-100should be avoided in those 
Areas/fields where the infestation of wilt pathogen was high. 
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EXPERIMENT III 
Effectiveness of fungicides and biocontrol agents against Alternaria 
alternata and Fusarium solani (IN-VITRO) 
Determination of minimum inhibitory concentration (MIC) of different 
fungicides against Alternaria alternata (In-vitro) 
Ten different fungicides were tested at different concentration starting from 1 
ppm to 500 ppm in order to determine the minimum inhibitory concentration (MIC) 
of each fungicide against A. alternata. All the fungicides were tested by poisoned 
food method.  The concentration of fungicide at which 100 per cent inhibition was 
observed was regarded as minimum inhibitory concentration (MIC). In general, 
inhibition in the fungus colonization exerted by the chemicals increased with 
increase in fungicides concentration. The cent per cent inhibition in the fungal 
colonization was observed at 10 ppm of Mancozeb followed by Carbendazim and 
Hexaconazole at 25 ppm. Rest of the fungicides at 100 ppm, caused 100% inhibition 
in the mycelial growth of A. alternata except methyl thiophanate (Table. 4.3). 
Determination of minimum inhibitory concentration (MIC) of different 
fungicides against Fusarium solani (In-vitro) 
Effect of ten different fungicides viz; Carboxin, Carbendazim, Captan, 
Thiram, Bavistin, propiconazole, Difenocanazole, Copper oxychloride, 
Chlorothalonil, at 1, 5, 10, 25, 50, 100, 200, 400 and 500 ppm concentration on 
percent inhibition of radial growth of fusarium solain were examined in vitro, in order 
to determine the minimum inhibitory concentration (MIC) of each  
fungicide against F. solani. All the fungicides were tested by poisoned food method.  
The concentration of fungicide at which 100 per cent inhibition was observed was  
regarded as minimum inhibitory concentration (MIC). In general percent inhibition of 
radial growth of the fungus decreased with the increase in the fungicides 
concentration. Carbendazim at 25 ppm concentration caused the highest percent 
inhibition of the radial growth (95.65%) and the same fungicide at 50 ppm 
concentration caused 100% inhibition of the radial growth of F. solani. The fungicide, 
next in effiveness were carboxin and captan which cause cent percent inhibition of 
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radial growth of the fungus at 50 ppm concentration. At 100 ppm concentration, all 
the fungicides showed cent percent inhibition of radial growth of the F. solani except 
three fungicides viz; captan, bavistin, chlorothalonil and thiram. While at 200 ppm all 
ten fungicides tested against F. solani showed cent percent inhibition in the radial 
growth (Table. 4.5).   
Antagonism of biocontrol agents against Alternaria alternata (In-vitro) 
The antagonistic effect of biocontrol fungi and bacteria were evaluated by dual 
culture method . Among various BCA isolates screened, the isolate Pseudomonas 
fluorescens PNS-3 caused 89.54% inhibition of the mycelial growth of A. alternata 
over control (Table 4.4). Next in effectiveness were recorded in the isolates of 
Trichoderma harzianum TNS-1 (87.21%) followed by T. harzianum TNS-3 (84.61%), 
T. virens TVS-1(78.86%) and P. fluorescens PNS-2 (77.62%) (Plate 3 & 4). The other 
biocontrol agents T. viride TVR-1, T. harzianum TNS-2, P. fluorescens PNS-1 and 
Aspergillus niger ANS-1 also significantly inhibited (P≤0.05) the mycelial growth 
with 74.45%, 73.32%, 69.76%, 64.11% inhibition respectively over control. Lowest 
per cent inhibition over control was recorded with Bacillus subtilis BNS-1 (39.22%) 
and Bacillus subtilis BNS-2 (47.45%).+ 
Antagonism of biocontrol agents against Fusarium solani (In-vitro) 
Antagonistic acitivity of six fungal biocontrol agents and five bacterial 
biocontrol agents were evaluated against Fusarium solani. To study the antagonistic 
effect of biocontrol fungi and bacteria dual culture method was used. Among various 
BCA isolates screened, the isolate Trichoderma harzianum TNS-3 caused 87.95% 
inhibition of the mycelial growth of Fusarium solani over control (Table 4.6). Next 
in effectiveness were recorded in the isolates of Pseudomonas fluorescens PNS-2 
(85.48%) followed by Bacillus subtilis BNS-2 (81.05%), T. harzianum TNS-
1(78.57%) and AspergillusnigerANS-1 (72.99%). The other biocontrol agents T. 
virensTVS-1,B. subtilis BNS-1, T. viride TVR-1, also significantly inhibited 
(P<0.05) the mycelial growth of F. solani with 68.26%, 61.80%, 56.82%inhibition 
respectively over control. Lowest per cent inhibition over control was recorded with 
P. fluorescens PNS-3 (49.07%) and T. harzianumTNS-2 (39.92%). 
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Conclusion 
The study has confirmed that among ten fungicides tested against F. solani in-
vitro, Carboxin, Carbendazim and Captan were found to be highly effective. 
Carboxin, Carbendazim and Captan inhibited the fungal colonization at a 
concentration of 50 ppm while propiconazole and Difenoconazole showed cent 
percent inhibition at 100 ppm. Among eleven isolates of biocontrol agents 
Trichoderma harzianum TNS-3, Pseudomonas fluorescens PNS-2, Bacillus subtilis 
BNS-2, T. harzianum TNS-1, Aspergillus niger ANS-1 and T. virensTVS-1 showed 
highest inhibitory effect against wilt inciting fungus Fusarium solani.  
Similar study was conducted against A. alternata, among ten fungicides tested 
in vitro, Mancozeb, Carbendazim and Hexaconazole were found to be  
highly effective. Mancozeb inhibited the fungal colonization at a  
concentration of 10 ppm, while carbendazim and hexaconazole inhibited the fungal 
colonization at 25 ppm. Among eleven isolates of biocontrol agents, Pseudomonas 
fluorescens PNS-3, Trichoderma harzianum TNS-1, T. harzianum TNS-3, T. virens 
TVS-1, P. fluorescens PNS-2, T. viride TVR-1, showed highest inhibitory effects 
against leaf spot inciting fungus A. alternata.  
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EXPERIMENT IV 
Evaluation of biocontrol agents and fungicides against Alternaria alternata under 
pot condition 
Based on in vitro performance of the biological control agents (BCA) and 
fungicides  
in the previous experiment (Exp. III), five efficient BCA isolates and five fungicides 
were evaluated for the management of leaf spot disease on Ashwagandha cultivar JA-
134, which was found highly susceptible to the pathogen under pot conditions.  
Leaf spot of Ashwagandha: Symptoms 
Mycelium and conidia survived in the soil on diseased plant debris, causes 
primary infection to the next crop season. Ashwagandha cultivar JA-134 grown in the 
pots inoculated with 4 g sorghum seeds colonized by A. alternata/ kg soil showed leaf 
spot symptoms at 10-15 days after inoculation. Infection of lower leaves first takes 
place. Brown to black concentric ring was formed on the upper leaf surface, which 
enlarges to form a leaf spot. The disease becomes serious when the season begins 
with abundant moisture or frequent rains followed by warm and dry weather. On an 
average severity of disease was 3.4 on 0-5 scale (Fig 4.9). Application of fungicides 
and biofungicides influenced leaf spot incidence to varied extent. Leaf spot incidence 
was greatly influenced by the application of biocontrol agents. Maximum control 
(74%) of the Alternaria leaf spot disease severity was recorded with seed treatment of 
Mancozeb (0.2%) over inoculated control. Next in effectiveness was seed treatment 
by T. harzianum (TNS1) which caused 72% (P≤0.05) decrease in disease severity 
over inoculated control. Seed treatment with T. harzianum (TNS3) led to the decrease 
in disease severity   by 67% followed by hexaconazole (65%), carbendazim (63%) 
and Pseudomonas fluorescens (61%) over the untreated control (P≤0.05). The order 
of effectiveness of the BCA in controlling the leaf spot severity was T. harzianum 
(TNS1) > T. harzianum (TNS3) > Pseudomonas fluorescens>T. virens (TVS1)> T. 
viride (TVR1). While the order of effectiveness of fungicides in controlling the leaf 
spot severity was Mancozeb > Hexaconazole> Carbendazim>  Difenoconazole> 
Propiconazole.  
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Effect on dry shoot and root weight of Ashwagandha  
Ashwagandha plants Inoculated with Alternaria alternata resulted in 
substantial decrease in dry shoot and root weight (39-20%) per plant over non 
inoculated control (P<0.05). In pots containing non-inoculted plants, application of 
Trichoderma harzianum (TNS1) (8.66%) significantly improves the shoot and root 
weight followed by, P. fluorescens (PNS1) (8.17%), Trichoderma harzianum (TNS3) 
(7.66%) and T. virens (TVS1)  
 (6.47%). The treatment with Trichoderma harzianum (TNS1) in fungus 
infested soil significantly improves the shoot and root weight by (22-55%) followed 
by Trichoderma harzianum (TNS3) (17-31%) and Pseudomonas fluorescens (PNS1) 
(12.78-30.81%).  Application of mancozeb (23.5-36.2%) and hexaconazole (17.69-
34.03%) in fungus inoculated plants enhanced shoot and root weight followed by 
carbendazim (13.76-29.64%) (Table 4.7) 
Soil population of biocontrol bacteria and fungi Biocontrol agents  
Soil population of all the biocontrol agents increased throughout the 
experimental period from November to March in comparision of planting population. 
However, a slight decrease in the population build up was recorded from January to 
March in comparison to December population (Fig. 17-18). Soil population of the 
biocontrol agents was 3-9.2% greater in the presence of A. alternata than absence of 
the pathogen. Greatest soil population among the biocontrol agents was recorded for 
T. harzianum (TNS1), the population increased from 0.23x104-4.8x106cfu/g soil (after 
seed application). The second most effective treatment was recorded by P. fluorescens 
(PNS-1), its population increased from 2 x104- 7.5 x104 (after seed treatment) 
followed by T. harzianum (TNS3), its population increased from 2 x104- 8.8 x104 and 
T. virens (TVS1) its population increased from 2 x104- 5.8 x104  . Lowest soil 
colonization was recorded for T. viride , its soil population increased from 2 x104-4.8 
x104cfu/g soil at (P≤0.05) (Fig. 4.8). 
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Conclusion  
The experiments conducted in the pots has demonstrated that A. alternata at 4 
g/kg soil caused significant reduction in the plant growth and yield of Ashwagandha. 
The disease, however, can be effectively controlled by the use of fungicides and 
bioocontrol agents. While studying the efficacy of five fungicides in pots experiment, 
three fungicides viz; mancozeb, hexaconazole and carbendazim, were found 
extremely effective in decreasing the Alternaria leaf spot severity. Foliar spray of 
these fungicides controlled the disease by 70-74%, 60-65% and 62-63% respectively. 
Among five biocontrol agents viz; T. harzianum (TNS1), T. harzianum (TNS3), P. 
fluorescens (PNS-1), T.virens (TVS1) and T. viride (TVR1) tested in pots 
experiments, T. harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1), 
found to be the most effective biocontrol agents in decreasing the Alternaria leaf spot 
severity. T. harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1) reduces 
the Alternaria leaf spot   severity by 72%, 67% and 61% respectively. Bioagents T. 
harzianum (TNS1), T. harzianum (TNS3), P. fluorescens (PNS-1) significantly 
increses the dry shoot and root weight/plant by (22-55%), (17-31%) and (12.78-
30.81%) respectively in the infested pots over inoculated control at (P≤0.05). Greatest 
soil population among the biocontrol agents was recorded for T. harzianum (TNS1), 
the population increased from 0.23x104-4.8x106cfu/g soil (after seed application). The 
second most effective treatment was recorded by P. fluorescens (PNS-1), its 
population increased from 2 x104- 7.5 x104 (after seed treatment).  
        Hence it could be concluded that in the pots trial not only three 
fungicides (mancozeb, hexaconazole and carbendazim) were found effective but also 
the biocontrol agents (T. harzianum (TNS1), T. harzianum (TNS3) and P. fluorescens 
(PNS-1)) were also found effective in decreasing the Alternaria leaf spot severity and 
also significantly increases the dry shoot and root weight/ plant at (p<0.05) 
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EXPERIMENT V 
Evaluation of effectiveness of biocontrol agents and fungicides applied through 
seed treatments against Fusarium solani under pot condition 
Based on in vitro performance of the biological control agents (BCA) and 
fungicides  in the previous experiment (Exp. III),it was evident that in vitro assay of 
ten fungicides against Fusarium solani only five fungicides were found effective viz. 
carboxin, carbendazim, captan, propiconazole and copperoxychloride. During the 
study of efficacy of BCAs against F. solani in experiment (III) out of eleven 
biocontrol agents tested five were found effective i.e. two strains of T. harzianum 
(TNS1 and TNS3), Pseudomonas fluorescens (PNS1), Bacillus subtilis  (BNS1). In 
the present experiment these efficient fungicides and BCAs were further evaluated 
for their efficacy under pots condition. 
Fusarium wilt of Ashwagandha: Symptoms 
Plants grown in the pots inoculated with 4 g sorghum seeds colonized by F. 
solani/kg soil showed wilt symptoms. The first sign of the disease was mild chlorosis 
that appeared at seedling stage. One month old plants showed chlorosis and stunted 
growth, and at later stage leaves branches wilted, drooped and dried. On average 
severity of disease was 3.5 on 0-5 scale. Application of fungicides and biofungicides 
influenced wilt incidence to varied extent. Maximum control of the wilt severity was 
recorded with seed treatment of carbendazim (2g/kg seed). Next in effectiveness was 
seed treatment by T. harzianum (TNS3) which caused 62% (P≤0.05) decrease in wilt 
severity over control. Seed treatment with P. fluorescens led to the decrease in wilting 
by 56% followed by carboxin (53%), B. subtilis (49%) and captan (44%) over the 
untreated control (P≤0.05) (Fig. 5.3). the biocontrol agents T. harzianum (TNS1) and 
Aspergillus niger were found least effective among the bioagents, while copper 
oxychloride and Captan were found least effective among the fungicides tested in 
decreasing the wilt severity. The order of effectiveness of the BCA in controlling the 
wilt severity was T. harzianum (TNS3) > P. Fluorescens (PNS1) > Bacillus subtilis 
(BNS2) > T. harzianum (TNS1) > A. niger (ANS1) (Fig. 4.10). 
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Soil population of biocontrol bacteria and fungi 
Soil population of all the biocontrol agents increased throughout the 
experimental period from November to March in comparision of planting population. 
However, a minor decrease in the population build up was observed in February to 
march in comparison to January population. Soil population of the biocontrol agents 
was 2.5 – 8.5% greater in the presence of F. solani than in the absence of the 
pathogen. Among biocontrol bacteria highest increase in the population was recorded 
for P. fluorescens (PNS-1), its population increased from 0.4 x104-9.2 x104 (after seed 
treatment) followed by B. subtilis (BNS-2), its population increased from from 0.4 
x104- 8.4 x104.Greatest soil population among the biocontrol fungi was recorded for 
T. harzianum (TNS-3), the population increased from 0.4x104- 9.8x104cfu/g soil (after 
seed application). Population-wise next biocontrol fungus was also T. harzianum 
(TNS-1). Lowest soil population was recorded for A.niger (ANS1) i.e., 0.4 x106-6.4 
x106cfu/g soil (P<0.001) in comparison to other biocontrol fungus. (Fig. 4.11). 
Effect on dry shoot weight and root yield of Ashwagandha 
Inoculation with F. solani resulted in a significant decrease in the dry shoot 
weight/plant and root yield/plant of Ashwagandha (35-45%) in comparison to non-
infested control (P<0.001; table 4.8). In pots containing un-inoculated plants 
application of P. fluorescens (PNS1) significantly improves the dry shoot weight & 
root yield followed by T. harzianum (TNS3) and B. subtilis (BNS2). Highest increase 
(29-55%),in dry matter was recorded by the seed treatment of T. harzianum (TNS3) in 
dry shoot weight and root yield followed by P. fluorescens (PNS1) (14-46%) andB. 
subtilis (BNS2)in pots containing fungus inoculated plants(P<0.001).Seed treatment 
with T. harzianum (TNS1) (10-15%) and A. niger (ANS1) (12-18%) showed lowest 
increase in the dry shoot weight and root yield in pots containing fungus inoculated 
plants(P<0.001). Application of Carboxin (35-45%) and carbendazim(25-48%) in pots 
containing fungus inoculated plants, enhanced dry shoot weight and root yield /plant 
followed by captan (18-28%) (P<0.05). While propiconazole and copperoxychloride 
recorded to be least effective in enhancing the dry shoot weight and root yield /plant 
in pots containing fungus inoculated plants. 
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Population or respective month control, was recorded with the seed treatment 
of Carbendazim(2 g/kg seed) (57%P≤ 0.001), followed by carboxin(3g/kg seeds) 
(55%),  captan (53%) and propiconazole  (2 g/kg seed)  (42%) (fig. 5.4). The percent 
decrease by biocontrol agents were more or less equal to the effect of fungicides. 
Maximum decrease in the soil population of F. solani was recorded with Trichoderma 
harzianum (TNS3) resulting to45% (P≤0.001) decrease over untreated control. Next 
in effectiveness was seed treatment of Pseudomonas fluorescens (PNS1) which 
decreased soil population of F. solani by 40%. Bacillus subtilis (BNS2) was next in 
effectiveness and caused38% decrease in F. solani population in soil followed by the 
seed treatment by Aspergillus niger (ANS1).  
Soil population of Fusarium solani 
Soil population of F. solani gradually increased upto 3 months but decreased 
at 4 months(fig. 5.4). The population of F. solani in the pots treated with BCAs or 
fungicides also increased over time but the percent increase was significantly less than 
the untreated pots.Greatest decrease in the fungus population in comparison to 
planting population or respective month control, was recorded with the seed treatment 
ofCarbendazim(2 g/kg seed) (57%P≤ 0.001), followed by carboxin(3g/kg seeds) 
(55%),  Captan (53%) and propiconazole  (2 g/kg seed) (42%) (fig. 4.12). The percent 
decrease by biocontrol agents were more or less equal to the effect of fungicides. 
Maximum decrease in the soil population of F. solani was recorded with Trichoderma 
harzianum (TNS3) resulting to45% (P≤0.001) decrease over untreated control. Next 
in effectiveness was seed treatment of Pseudomonas fluorescens (PNS1)which 
decreased soil population of F.solaniby 40%. Bacillus subtilis (BNS2)was next in 
effectiveness and caused38% decrease in F. solani population in soil followed by the 
seed treatment by Aspergillusniger (ANS1). 
Relative compatibility of biocontrol agents with the fungicides tested 
Compatibility between chemical fungicides and microbial antagonists plays a 
major role in the combined use of chemicals and biopesticides for integrated 
management strategies. In the following study compatibility of biocontrol agents 
(BCAs) with fungicides was evaluated using poison bait method, in order to develop 
their accurate and effective combinations. The compatibility test of biocontrol agents 
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has revealed that the fungicide concentrations were tolerated by the biocontrol agents 
isolated from rhizospheric soil of Ashwagandha. Among Trichoderma based 
biocontrol agents highest tolerance limit was recorded for Trichoderma harzianum 
(TNS1) (Table 4.9). Tolerance for carbendazim was almost half to that of captan. Safe 
tolerance limits (ED50) for T. harzianum (TNS1) were found to be 61 µg 
carbendazim/ml, 26 µg copperoxychloride /ml, 232 µg carboxin /ml and 161 µg 
captan/ml. Maximum inhibition (ED90) of the T. harzinaum (TNS1) was recorded at 
524 µg carbendazim/ml, 806 µg carboxin/ml and 1041 µg captan/ml. The next in 
compatible isolate of biocontrol agents with fungicides was T. harzianum (TNS3) , for 
which the safe tolerance limit (ED50) were 61 µg carbendazim/ml, 26 µg 
copperoxychloride /ml, 201 µg carboxin/ml and 161 µg captan/ml. Maximum 
inhibition (ED90) of T. harzianum was recorded at concentration 501 µg 
carbendazim/ml, 166 µg copperoxychloride /ml, 786 µg carboxin/ml and 1000 µg/ml. 
Biocontrol agent T. harzianum (TNS2) was found least compatible with carbendazim 
showing maximum growth inhibition (ED90) at 355 µg carbendazim/ml, and safe 
tolerance limit (ED50) was found 38 µg carbendazim/ml. T. viride and T. harzianum 
(TNS2) expressed least compatiblity to copperoxychloride with maximum 
colonization suppression (ED90) at 96 µg copperoxychloride /ml which was quite 
lower than ED90 for other biocontrol agents; similarly the safe tolerance limit (ED50) 
was 10 µg copperoxychloride /ml which was also much lower. T. viride, T. harzianum 
(TNS2) and T. virens (TVS1) were showed minimum compatibility with carboxin and 
captan having low ED90 and ED50 concentrations.  
Biocontrol bacteria were found more tolerant to fungicides than fungal 
biocontrol agents. The safe tolerance concentration (ED50) for Bacillus subtilis 
(BNS1) were 101 µg copperoxychloride /ml medium, 976 µg carboxin/ml and 3951 
µg captan/ml. Although for carbendazim the bacteria expressed great tolerance which 
is upto a concentration of 50,000 µg/ml. B. subtilis (BNS1) was found relatively more 
compatible than B. subtilis (BNS2) 
Pseudomonas fluorescens (PNS1) was found more compatible with fungicides 
than B. subtilis (BNS1). Among P. fluorescens (PNS1) and P. fluorescens (PNS2), the 
greatest compatibility with fungicides was recorded for P. fluorescens (PNS1), 
showing tolerance (ED50) at 2510 µg copperoxychloride /ml, 9736 µg carboxin/ml, 
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32,116 µg captan/ml, and 50,000 µg carbendazim/ml (5 g/100 ml). The maximum 
suppression in the growth of the P. fluorescens (PNS2) (ED90) was recorded at 30500 
µg copperoxychloride /ml, 29436 µg carboxin /ml and 39836 µg captan/ml. The 
biocontrol agent P. fluorescens (PNS2) revealed better compatibility with captan and 
its safe tolerance limit (ED50) was found to be 48000 µg captan/ml medium which 
was higher than P. fluorescens (PNS2).Hence out of nine strains of biocontrol agents 
tested for compatibility with four fungicides, viz; carbendazim, copperoxychloride, 
carboxin and captan, it was evident that Trichoderma harzianum (TNS1), 
Trichoderma harzianum (TNS3) and P. fluorescens (PNS1) , and B. subtilis (BNS1) 
have the potential to show better compatibility with the fungicides tested. 
Conclusion 
The pot trial has demonstrated that F. solani at 4 g/kg soil caused significant 
reduction in the plant growth and yield of Ashwagandha. The disease, however, can 
be effectively controlled by the use of fungicides and bioocontrol agents. Among five 
fungicides tested in pots experiment, three namely carbendazim, carboxin and captan 
were found highly effective in decreasing the wilt severity. Seed treatment of these 
fungicides controlled the disease by 60-65%, 50-53% and 40-44% respectively. 
Among five biocontrol agents tested in pots experiments, three biocontrol agents viz; 
T. harzianum (TNS3), P. fluorescens (PNS-1) and Bacillus subtilis (BNS2) were 
found highly effective in decreasing the wilt severity. T. harzianum (TNS3), P. 
fluorescens (PNS-1) and Bacillus subtilis (BNS2) reduces the wilt severity by 62%, 
56% and 49% respectively. T. harzianum (TNS3) (29-55%), P. fluorescens (PNS-1) 
(14- 46%) and Bacillus subtilis (BNS2) (10-36%) were also found effective in 
increasing the dry shoot weight/plant and root yield/ plant in pots containing fungus. 
Among nine strains of biocontrol agents tested for compatibility with four fungicides, 
viz; carbendazim, copperoxychloride, carboxin and captan, it was found that 
Trichoderma harzianum (TNS1), Trichoderma harzianum (TNS3) and P. fluorescens 
(PNS1), and B. subtilis (BNS1) have the potential to show better compatibility with 
the fungicides tested. 
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Experiment-VI 
Evaluation for effectiveness of combined application of selected 
Biocontrol agents and Fungicides against Alternaria leaf spot of Ashwagandha 
under pot condition 
Based on the performance of the fungicides and biocontrol agents in the 
previous experiment (Exp. V) under pot condition, three efficient fungicides and 
biocontrol agents alone were evaluated for the management of Alternaria leaf spot of 
Ashwagandha caused by A. alternata. These three fungicides (mancozeb, 
hexaconazole and carbendazim) and biocontrol agents (T. harzianum (TNS1), T. 
harzianum (TNS3) and P. fluorescens (PNS-1) not only decrease the disease severity 
of Alternaria leaf spot but also significantly increased the dry shoot weight and root 
yield/plant. 
The recommended dose of three fungicides (mancozeb, hexaconazole and 
carbendazim) suppressed the Alternaria leaf spot incidence and significantly increased 
the dry shoot weight and root yield of Ashwagandha. Hence in the present experiment 
pots trial was conducted with the foliar sprays of recommended dose of three 
fungicides were integrated with the seed treatment of the Ashwagandha seeds by most 
effective BCAs, in order to develop an effective integrated treatment of BCAs and the 
recommended doses of fungicides 
 Symptoms 
In the disease cycle of Alternaria alternata mycelium and conidia survived in 
the soil on diseased plant debris, causes primary infection in the next crop season. 
Ashwagandha cultivar JA-134 grown in the pots inoculated with 4 g sorghum seeds 
colonized by A. alternata/ kg soil showed leaf spot symptoms at 10-15 days after 
inoculation. Infection of lower leaves first takes place. Brown to black concentric ring 
was formed on the upper leaf surface, which enlarges and fuses to form leaf spots. 
The disease becomes more severe when the season begins with abundant moisture or 
frequent rains followed by warm and dry weather. On an average severity of disease 
was 3.4 on 0-5 scale (Fig 4.13).  Application of foliar spray of recommended dose of 
fungicides and seed treatment of BCA’s in soil influenced leaf spot incidence to a 
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varied extent. Leaf spot incidence was greatly influenced by the application of 
biocontrol agents.  
Greatest decrease of 71% in the disease severity of Alternaria leaf spot was 
recorded with the integrated application of seed treatment of T. harzianum (TNS1) 
plus Foliar spray of Mancozeb (0.25%) (30+45 DAS) over inoculated control (Table 
5). Next in effectiveness was seed treatment of P. fluorescens (PNS2) plus foliar 
spray of Mancozeb (0.25%) (30+45 DAS), which decreases the disease severity by 
65% which is 10% higher than the individual treatment of mancozeb (0.25%) at 30 
DAP. Although the two treatments viz; seed treatment of T. harzianum (TNS3) plus 
foliar spray of Mancozeb (0.25%) at 30+ 45 DAP and seed treatment by T.harzianum 
(TNS1) plus foliar spray of mancozeb (0.25%) at 45 DAP were at par, in decreasing 
the disease severity (Fig. 4.15). 
Different combinations of hexaconazole and BCAs also gave promising 
results against Alternaria leaf spot of Ashwagandha. Seed of T. harzianum (TNS3) 
plus Foliar spray of Hexaconazole (0.1%) resulted in maximum (60%) decrease of 
leaf spot disease severity of ashwagandha. Next in effectiveness was seed of T. 
harzianum (TNS1) plus Foliar spray of hexaconazole (0.1%), which is (6-10%) 
higher than their individual treatment respectively at (P<0.05). Seed treatment with T. 
harzianum (TNS1) plus Foliar spray of hexaconazole (45 DAP) was found to be third 
most effective treatment in decreasing the leaf spot severity (56%), which is 9% 
higher than the hexaconazole 0.1% (45 DAP) treatment alone. Although the two 
treatments viz; seed treatment with T. harzianum (TNS3) plus Foliar spray of 
hexaconazole (45 DAP) and seed treatment of P. fluorescens plus foliar application of 
hexaconazole (30+45 DAP) (54.55%) were found to be at par in the management of 
leaf spot disease of Ashwagandha (P<0.05). (Fig 4.13) 
      Various combinations of recommended dose of carbendazim (0.1%) and BCAs 
were also found promising in decreasing the disease severity of Alternaria leaf spot of 
Ashwagandha. Among these combination maximum i.e. 63.64% decrease of disease 
severity was found in seed treatment of T. harzianum (TNS1) plus foliar spray of 
carbendazim (0.1%) (30+45 DAP). Next ineffectiveness was the combination of seed 
application of T. harzianum (TNS1) plus foliar spray of carbendazim (45 DAP), 
which is 8-20% greater than the treatment of alone BCAs and carbendazim 
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respectively (P<0.05). Seed treatment of T. harzianum (TNS1) and seed of T. 
harzianum (TNS3) plus foliar spray of carbendazim (30+45 DAP) were found to be at 
par in controlling the leaf spot disease of Ashwagandha. Fig (4.14) 
Among all the combinations maximum decrease (71%) of disease severity 
was found in seed of T. harzianum (TNS1) plus Foliar spray of Mancozeb (0.25%) 
(30+45 DAS). Next in effectiveness (65%) was seed of P.fluorescens (PNS2) plus 
foliar spray of mancozeb (30+45 DAS). Two combinations, seed application of T. 
harzianum (TNS1) plus Foliar spray of mancozeb (45 DAS) and seed of T. harzianum 
(TNS1) plus foliar spray of carbendazim (30+45 DAP) were found to be at par to 
each other (P≤0.05).  
Plant dry matter and yield 
 Combined treatment of BCAs and fungicides at recommended doses 
significantly promoted the dry shoot weight and dry root weight per plant. The 
individual seed treatment of T. harzianum (TNS1) caused 32.97 to 42.66% increase in 
dry weight and root yield per plant respectively. This increase in dry weight is 9% 
greater than the individual treatment of mancozeb (45 DAP).  Maximum increase 
47.60 to 50.16% in dry weight and root yield was observed in the combination of seed 
treatment of T. harzianum (TNS1) + mancozeb 45 DAP). It is 15-8% higher than the 
individual treatment of seed + soil application T. harzianum (TNS1). Next 
ineffectiveness was the treatment of seed application of T. harzianum (TNS1) + foliar 
spray of Mancozeb (45 DAP), which increases the dry shoot and root weight by 37.42 
to 44.59%. The treatment comprises of seed treatment of T. harzianum (TNS3) + 
mancozeb (45 DAP) results 37.65-42.96% increase in dry shoot and root weight per 
plant respectively. The two treatments viz; foliar application of mancozeb (45 DAP) 
and seed T. harzianum (TNS1) were at par to each other in increasing the dry root 
weight (P≤ 0.05) (Table 4.13). 
Different combinations of BCAs and recommended dose of hexaconazole also 
significantly increases the dry shoot and root weight. Among these combinations 
greatest increase (34 to 37%) of dry shoot and root weight per plant was observed in 
the treatment comprises seed of T. harzianum (TNS1) + foliar spray of hexaconazole 
(45 DAP). Next effectiveness was found in seed of T. harzianum (TNS3) + foliar 
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spray of  Hexaconazole (45 DAP), which increases the dry shoot and root weight by 
27.83-31.20% followed by treatment comprises of seed of P. fluorescens (TNS1) + 
hexaconazole (FS 30+ 45 DAP)  (25.49-54.55%). The treatment comprises of seed 
application of T. harzianum (TNS1) + foliar spray of hexaconazole (45 DAP) results 
in 22.96 -27.54% increase in dry shoot and root weight per plant (Table 4.11)  
Some combination of BCAs and recommended doses of carbendazim also 
shows good results in increasing the dry shoot and root weight of Ashwagandha. In 
these combination greatest increase (31.10-35.60%) of dry shoot and root weight was 
observed in the treatment comprises of seed of T. harzianum (TNS1) +foliar spray 
carbendazim (45 DAP), which is 17% higher than the individual treatment of 
carbendazim (45 DAP). Next ineffective treatment was seed treatment of T. 
harzianum (TNS3) + Hexaconazole (FS 30+ 45 DAP), which increases (28.42 to 
33.64%) dry shoot and root weight of Ashwagandha. The treatment comprises of seed 
treatment of P. fluorescens (PNS2) + hexaconazole (FS 30+ 45 DAP), results in the 
increase of (23.61-28.67%) dry shoot and root weight of Ashwagandha (Table 4.12) 
Among above discussed combinations the dry shoot and root weight was 
significantly increased 47.60-50.16% in the treatment comprises of the combination 
of seed treatment of T. harzianum (TNS1) + foliar spray mancozeb (45 DAP), 
followed by seed application of T. harzianum (TNS1) + foliar spray of mancozeb (45 
DAP) (37.42 to 44.59%) and seed treatment of T. harzianum (TNS3) + foliar spray of 
mancozeb (45DAP) (37.65 to 42.96%).  
Conclusion   
The present experiments conducted in the pots has demonstrated that A. 
alternata at 4 g/kg soil caused significant reduction in the plant growth and yield of 
Ashwagandha. The disease, however can be effectively controlled by the combined 
treatment of fungicides and biocontrol agents. The combined treatment includes seed 
application of biocontrol agents plus foliar spray of recommended doses of fungicides 
at 30+45 days after planting (DAP). While studying the efficacy of combined 
treatments, disease severity was effectively controlled by seed treatment of T. 
harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) (30+45 DAS), next in 
effectiveness was seed treatment of P. fluorescens (PNS2) plus Foliar spray of 
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mancozeb (30+45 DAS). The next in effective was seed treatment by T. harzianum 
(TNS1) plus foliar spray of mancozeb (0.25%) at 45 DAP followed by seed treatment 
of T. harzianum (TNS3) plus foliar spray of hexaconazole (0.1%). With the above 
results about decrease in disease severity it has been concluded that combined 
treatments of seed application of biocontrol agents plus foliar spray of recommended 
doses of two fungicides viz mancozeb (0.2%) and hexaconazole (0.1%) at 30+45 days 
have been found not only significant in disease suppression but also in increasing the 
dry shoot weight and root weight. In the present experiment the combined treatments 
with seed application of biocontrol agents plus foliar spray of recommended dose of 
carbendazim was not found significant in comparison to mancozeb and hexaconazole. 
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Experiment-VII 
Evaluation for effectiveness of integrated application of selected 
Biocontrol agents and Fungicides against Fusarium wilt of Ashwagandha under 
pot condition 
Among all the combined treatments of carbendazim and carboxin with 
different BCAs, maximum decrease in disease severity (61.5%) was observed in 
combined soil application of carboxin and T. harzianum (TNS3) at 4 g T. harzianum 
(TNS3) /kg soil plus 1 g carboxin /kg seed  next in effectiveness was combined 
application of the carboxin and P. fluorescens (PNS1) resulted to 58.6% decrease in 
wilt disease at 1 g carboxin/kg seed plus 4 g P. fluorescens (PNS1) /kg soil  followed 
by soil application of carbendazim (10 mg/kg soil) and T. harzianum (TNS3) (4 g/kg 
soil) resulted to 57.5% decrease in wilt incidence 
As evident by the results of Experiment-V that recommended doses of 
fungicides alone effectively controlled the wilt of Ashwagandha. Among five 
Biocontrol agents tested alone against the wilt severity only four viz; T. harzianum 
(TNS3),T. harzianum (TNS1), P. fluorescens (PNS1)and B. subtilis (BNS1)were 
found effective. However, recommended doses of carboxin and carbendazim 
suppressed the wilt incidence and significant increase in the dry shoot weight and root 
yield of Ashwagandha. Hence in the present experiment lower than the recommended 
doses of the two fungicides were used to enhance effectiveness of the lower dose of 
carbendazim and carboxin by integrating with the four most effective BCAs, in order 
to devise an effective integrated treatment of BCAs and lower than the recommended 
dose of fungicides.  
Symptoms 
Plants grown in the pots infested with F.solani developed characteristic 
symptoms of wilt as described in the previous experiments. Around 60% plants 
growing in fungus inoculated pots showed wilt symptoms with average incidence of 
3.6 on 0-5 scale. Application of T. harzianum (TNS1) as seed treatment (4 g/kg seed) 
and soil application (4 g/kg soil) resulted to significant (P<0.05) decrease in the wilt 
of Ashwagandha growing in F. solani infested soil, greater decrease was found by 
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seed treatment. Seed and soil application of carbendazim resulted in 12 and 11% 
decrease in the disease incidence, respectively. In combined treatment comprising 
BCAs and fungicide. The potential of T. harzianum (TNS1) in controlling wilt disease 
was found to be increased to a maximum of 54% when applied along with fungicides, 
in the wilt incidence as recorded in combined soil application of carbendazim (10 
mg/kg soil) + T. harzianum (TNS1) 4 g/kg soil) which was relatively greater to the 
sum of the decrease in disease severity induced by BCAs and fungicide alone. Next in 
effectiveness was combined application of seed treatment with carbendazim and soil 
application by T. harzianum (TNS1) which caused 51.5% decrease in wilt disease. 
Application of T. harzianum (TNS3) as seed and soil treatment resulted to 52.5 and 
49.4% decrease in wilt disease severity (Fig. 4.20). The combined treatment with soil 
application of carbendazim (10 mg/kg soil) and T. harzianum (TNS3) (4 g/kg soil) 
resulted to 56.8% decrease in wilt incidence.    Application ofP. fluorescens (PNS1) 
resulted to 48.9 and 44% decrease in wilt incidence with seed treatment (4 g/kg seed) 
and soil application (4 g/kg soil), respectively. Combined treatment of P. fluorescens 
(PNS1)with carbendazim increased the disease suppressive potential of P. fluorescens 
(PNS1) by 2.5 - 6.2%, leading to a maximum 51.6% suppression of disease with 1 g 
carbendazim /kg seed + 4 g P. fluorescens (PNS1)/ kg soil (Fig. 4.18). The disease 
incidence decreased by 24.5% in both the cases (Fig. 4.19). Soil application of B. 
subtilis(BNS1) (4 g/kg soil) and carbendazim (10 mg/kg soil) resulted to 44.2% 
decrease in wilt severity which was 6.9 % greater than the additive effects (Fig. 4.19). 
Treatment next in effectiveness was combination of 1 g carbendazim /kg seed and 4 g 
B. subtilis (BNS1) /kg soil which decreased the disease by 43.5% (Fig. 4.22). 
Among all the combined treatments of carbendazim with different BCAs, 
maximum decrease in disease severity (55.5%) was observed in combined soil 
application of carbendazim and T. harzianum (TNS3) which was 6.2% higher than the 
sum of their additive effects Next in effectiveness was 1 g carbendazim /kg seed + 4 g 
T. harzianum (TNS3)/kg soil that controlled the disease by 54.4% (Fig. 4.20) 
followed by soil application of carbendazim (10 mg/kg soil) + T. harzianum (TNS1) 4 
g/kg soil) which control the disease by 54.4% (Fig. 4.16) 
Different combinations of carboxin and fungicides also gave promising results 
against wilt of ashwagandha. Seed and soil application of carboxin resulted in 12 and 
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10% decrease in ashwagandha wilt severity. Integration of carboxin with T. 
harzianum (TNS1) enhanced its disease control potential from 0.5-10.4% and resulted 
to a maximum decrease of 56.6 % with 1 g carboxin /kg seed + 4 g T. harzianum 
(TNS1)/kg soil. Integration of carboxin with T. harzianum (TNS3) resulted in 2.5-
7.4% increase in the disease suppressive potential of the BCA and fungicide leading 
to 60.5% decrease in wilt disease at 4 g T. harzianum (TNS3) /kg soil plus 1 g 
carboxin /kg seed (Fig. 4.21). The total decrease in wilt was greater than the 
individual effect of BCA and fungicide irrespective of their mode of application. 
Application of P. fluorescens (PNS1) gave 49.5 and 44 % decrease in the wilt severity  
with its seed and soil application, respectively. The combined application of 
the BCA and fungicide resulted to 57.6% decrease in wilt disease at 1 g carboxin/kg 
seed and 4 g P. fluorescens (PNS1) /kg soil by which was 7.1 % higher than the single 
soil application of the BCA (Fig. 4.17). The combined treatment of soil application of 
B. subtilis (BNS1) (4 g/kg soil) and seed treatment by carboxin (1 g/kg seed) resulted 
to 45.5% decrease in disease severity of ashwagandha wilt that was 7.2 % greater than 
the single soil application of B. subtilis (BNS1) (Fig. 4.22). 
Among all the combinations of carboxin with different BCAs maximum 
decrease in wilt severity 60.5 % was recorded with the combined application of seed 
treatment of carboxin and soil application of T. harzianum (TNS3) and it was 7.9 % 
higher than sum of their individual effects (Fig. 4.21). Next in effectiveness was soil 
application at 8 mg carboxin + 4 g T. harzianum (TNS3)/kg soil, which decreased the 
wilt disease by 57.4% which was 7.1 % higher than their additive effects on the 
disease. Seed application by fungicides in combination with BCA exhibited greater 
effectiveness over all the treatments in comparison to either of the treatment. 
Soil population of Fusarium solani 
Application of T. harzianum (TNS1) significantly (P<0.05) decreased F. solani 
soil population, whereas non-significant decrease in F. solani soil population was 
recorded by seed (1 g/kg seed) or soil (10 mg/kg soil) application of carbendazim and 
carboxin. Maximum (48.8%) decrease in F. solani soil population was recorded with 
integrated treatment of 10 mg carbendazim /kg soil + 4 g P. fluorescens(PNS1) /kg 
soil, which was 18.5% higher than the sum of their individual effects. Next 
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ineffectiveness was seed treatment by carbendazim + soil treatment by T. harzianum 
(TNS1) that resulted to 38.5% decrease in F. solani soil population. Carbendazim in 
integration with T. harzianum (TNS3) resulted in 17.5-21.5% greater decrease in the 
population of F. solani leading to a maximum 48.4% decrease (Fig.4.29). Next in 
effectiveness was combined application of seed treatment of 1 g carbendazim /kg seed 
and 4 g T. harzianum (TNS3)/kg soil. This combination resulted in 44.5% decrease in 
F. solani soil population which was significantly greater than the additive effects (Fig. 
4.31). Application of P. fluorescens (PNS1) induced significant decrease in the soil 
population of F. solani, 31.5 and 37.8% with seed (4 g/kg seed) and soil (4 g/kg soil) 
application. The combined application of these fungicide and BCA decreased the soil 
population of F. solani by 45.8% which was not significantly greater than sum of 
individual additive effects. Next in effectiveness was application of 1 g carbendazim 
/kg soil + 4 g P. fluorescens (PNS1)/ kg soil that resulted to 42.8% decrease in the 
fungus population (Fig. 4.28). The combined seed application of carbendazim + 
B.subtilis(BNS1) resulted in the maximum of 35.9% reduction in F. solani population 
which was more or less equal to the sum of their individual effects . 
Among various combinations of carbendazim with BCAs evaluated, 
maximum reduction in F. solani population was recorded with the combined 
application of carbendazim (10 mg/kg soil) and T. harzianum (TNS1) (4 g/kg soil) that 
caused 57.8% reduction in the population of wilt fungus. Next in effectiveness was 
combined soil application of 10 mg carbendazim and 4 g T. harzianum (TNS3) /kg 
soil resulting to 49.8% decrease in the population of wilt fungus (Fig. 4.24). 
Integration of 4 g T. harzianum (TNS1) /kg soil and 1 g carboxin /kg seed 
resulted in 46.2% decrease in the soil population of F. solani which was 5.5% higher 
than the sum of their individual effects (Fig. 41). Seed and soil application of T. 
harzianum (TNS3) resulted in 25.6 and 37.6% decrease in F. solani soil population 
which was equal to additive effects. Seed and soil application by carboxin resulted in 
13.7% and 7.9% decrease in F. solani soil population (Fig. 4.25). Significant increase 
in effectiveness of both BCA and fungicide was recorded after their combined 
application. Greatest decrease in the soil population of F. solani i.e., 52.8% was 
recorded with seed treatment by carboxin (1g/kg seed) + Soil application of T. 
harzianum (TNS3) (Fig. 43). Seed and soil application of P. fluorescens (PNS1) 
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decreased F. solani population by 32.5% and 37.5 % respectively. Suppressive 
efficacy of P. fluorescens (PNS1) further increased upto 8.5% due to integration with 
carboxin (Fig. 4.30). Maximum decrease in F. solani soil population (47.6%) was 
recorded after combined application of 1 g carboxin/kg seed and 4 g P. fluorescens 
(PNS1)/kg soil. Soil population of F. solani decreased by 10.6% to 14.2 % due to 
application of Bacillus subtilis (BNS1) as seed and soil treatment (Fig. 4.26). 
Maximum decrease in the population of wilt fungus i.e., 36.3% occurred due to 
integrated treatment of 1g carboxin /kg seed + 4 g Bacillus subtilis (BNS1)/kg soil, 
which was 14.8% greater than the application of Bacillus subtilis (BNS1) alone (Fig. 
4.27). Among all the combinations between carboxin and different BCAs, maximum 
(52.5%) decrease in F. solani soil population was recorded in combined application of 
carboxin (seed treatment) + T. harzianum (TNS3) ( soil application). Next in efficacy 
was 1g carboxin/kg seed + 4 g T. harzianum (TNS2) /kg soil, causing 47.7% decrease 
in F. solani soil population (Fig. 43). Application of 1 g carboxin/kg seed + 4 g T. 
harzianum (TNS1)/kg soil was more or less equally effective combination in reducing 
soil population of F. solani and caused 45.3% decrease in the population. Mostly the 
combination of seed treatment with fungicide in combination with soil application of 
BCA was either the most effective or second most effective treatment against soil 
population of F. solani. 
Plant dry matter and yield 
Integrated treatments of fungicides and BCAs considerably promoted the dry 
matter and yield of ashwagandha plants by integrated application (Table 4.12). The 
individual application of T. harzianum (TNS1) as seed and soil application caused 
10.4% increase in dry shoot weight, whereas 4.1-9.4% increase in dry shoot weight 
was recorded when applied along with fungicides. An increase of 9.4% in dry shoot 
weight production (P<0.05) was recorded with 1 g carbendazim/kg seed + 4 g P. 
fluorescens (PNS1) /kg soil, with other combinations, the effect was not significant. 
Integrated treatment of carbendazim and T. harzianum (TNS3) did not make any 
significant (P<0.05) promotion on dry shoot weight as compared to their individual 
effects. T. harzianum (TNS3) enhanced dry shoot weight production when integrated 
with carbendazim but the resultant increase was not significant (P<0.05) over 
individual effect of BCA. Application of B. subtilis as individual seed and soil 
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application enhanced dry shoot weight by 13.5% and 18.4% but its integration with 
carbendazim resulted in non-significant (P<0.05) increase in dry shoot weight(Table 
4.13). The individual application of T. harzianum (TNS1) caused 14 and 22.8% 
increase in Ashwagandha yield with its seed and soil application, respectively. A 
maximum increase of 12.5% further occurred in the ashwagandha yield by applying 1 
g carbendazim /kg seed + 4 g T. harzianum (TNS1) /kg soil in F. solani infested soil. 
In other combinations, no significant increase in yield was recorded as compared to 
individual application of BCAs. In the combined application of T. harzianum (TNS3) 
with carbendazim, 1.3-16.4% increase in ashwagandha yield was recorded as 
compared to individual application of BCAs . Greatest increase of 16.5% was attained 
after combined application of 1 g carbendazim /kg seed and 4 g T. harzianum (TNS3) 
/kg soil) over the soil application of T. harzianum (TNS3) alone. Rest of the combined 
treatments could not enhance plant yield significantly over individual application of 
T. harzianum (TNS3) (Table 4.14). P. fluorescens (PNS1) in combination with 
carbendazim promoted the plant yield by 4.2-20.4% over its individual application. 
Maximum enhancement of 20.6% in ashwagandha yield was recorded after combined 
application of seed treatment by carbendazim (1 g/kg seed) + soil application of P. 
fluorescens (PNS1) as compared to its individual soil application. The treatment next 
in effectiveness was combined seed application of carbendazim as well as P. 
fluorescens (PNS1), the combination increased the yield by 18.3%. B. subtilis in 
combined application with carbendazim enhanced plant yield by 2.6-11.7% over its 
individual seed and soil treatment, respectively (Table 4.14). A maximum increase of 
11.6 % was recorded with the combined application of 1 g carbendazim /kg seed and 
4 g B. subtilis /kg soil. Rest of the combinations could not enhance ashwagandha 
yield significantly (P<0.05). 
Greatest increase in plant dry weight (21.5%) was recorded with 1 g 
carbendazim /kg seed + 4 g P. fluorescens (PNS1) /kg seed. The yield enhancement 
attained with 4 g T.harzianum (TNS3) /kg soil + 1 g carbendazim /kg seed and seed 
treatment with carbendazim + soil application by P. fluorescens (PNS1) were at par 
with each (Table 4.13). Seed treatment by fungicide + soil application by BCA 
emerged as the most effective treatment in enhancing the dry shoot weight and yield 
compared to their individual treatments. T. harzianum (TNS1), T. harzianum (TNS3) 
and P. fluorescens (PNS1) were found most effective in promoting plant dry matter. 
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Carboxin in combination with T. harzianum (TNS1) enhanced dry shoot 
weight by 3.4-12.9%. Greatest increase in dry matter (13.2%) was recorded in 
combined application of 1 g carboxin /kg seed + 4 g T. harzianum (TNS1) /kg soil.. 
Next in effectiveness was combined seed treatment by T. harzianum (TNS1) and 
carboxin that enhanced the plant dry weight by 18.4 %, being 8.8% greater than the 
biopesticide alone. Carboxin in combination with T. harzianum(TNS3) did not 
enhance plant dry weight over BCA alone.P. fluorescens (PNS1) in combination with 
carboxin resulted in 2.1-8.3% greater plant dry weight in comparison to P. fluorescens 
(PNS1) alone. None of the combination of this BCA and carboxin could significantly 
(P<0.05) enhance dry shoot weightas compared to individual treatment by P. 
fluorescens (PNS1). Bacillus subtilis) also did not produce any significant (P<0.05) 
effect on plant dry weight over individual effect of the BCA (Table 4.13). 
Carboxin in combination with T. harzianum (TNS1) resulted in 19.5-29.4% 
increase in ashwagandha yield, which was 3.2 -10.6 % greater than the individual 
effect of T. harzianum (TNS1) (Table 4.13). Maximum increase in the yield (29.4%) 
was recorded with 1g carboxin /kg seed + 4 g T. harzianum (TNS1) /kg soil being 
10.3% greater than BCA alone. Rest of the combinations could not enhance plant 
yield in comparison to individual effect of T. harzianum (TNS1). T.harzianum 
(TNS3) in combination with carboxin resulted to 22-30.1% increase in 
ashwagandhayield, which was 4-14.3% higher than the T.harzianum (TNS3) alone. 
Combined application of 1 g carboxin /kg seed + 4 g T.harzianum (TNS3) /kg soil 
gave 31% increase in ashwagandha yield. Next most effective treatment was 
combined application carboxin and T.harzianum (TNS3) through seed treatment, 
which increased ashwagandha yield by 28.7%, that was 9.6% higher than the BCA 
alone. T.harzianum (TNS1) increased plant yield by 11.7 and 13.7 % after its seed and 
soil application, respectively. Its efficacy to enhance the yield further increased when 
integrated with carboxin leading to 35.2% increase in ashwagandha yield especially 
with seed treatment of carboxin + soil application of the BCA. This treatment gave 
21.5% greater yield than the individual seed treatment of T.harzianum (TNS1). Seed 
treatment with carboxin as well as T.harzianum (TNS1) promoted the plant yield by 
30.68%, being 18.1% greater than individual seed application of the BCA. Combined 
application of seed treatment with carboxin + soil application by Bacillus subtilis 
resulted in 19.4% enhancement in plant yield that was 11.4% higher than the 
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individual seed treatment of the BCA  
Among all the combinations of carboxin with different BCAs maximum 
increase in dry shoot weight(23%) was recorded in combined application of seed 
treatment by carboxin + soil application by P. fluorescens(PNS1) over inoculated 
control that was 13% higher than the individual seed application of the BCA. Next in 
effectiveness was integrated treatment 1 g carboxin /kg seed + 4 g T.harzianum 
(TNS1) /kg soil, which resulted in 23.4% enhancement in dry shoot weightthan 
inoculated control. Highest yield of ashwagandha (48.5 g/plant) was recorded with the 
treatment comprising of seed treatment of carboxin + soil application of T.harzianum 
(TNS1). This combination increased the yield by 34.8% that was 21.6% greater than 
the yield obtained with soil application by the BCA. The treatment next in 
effectiveness was combined application of seed treatment by carboxin and T. 
harzianum (TNS3) that resulted to 32.1% increase in ashwagandha yield being 13.6 % 
higher than the individual seed treatment of the BCA. In general seed treatment by 
fungicide + soil application of BCA emerged as the best treatment to enhance dry 
shoot weight and yield of ashwagandha in wilt fungus infested plots. Next was seed 
treatment combined with carboxin and BCA (Table. 4.15). 
Conclusion 
The Pots trial has demonstrated that integration of carboxin or carbendazim at 
a dose half of the recommended dose significantly enhanced the effectiveness of the 
BCAs. Integration of carboxin with T. harzianum (TNS3) or P. fluorescens(PNS1) 
was found highly effective against the ashwagandha wilt followed by integrated 
application of carbendazim with T. harzianum (TNS3) or P. fluorescens(PNS1)  .The 
combined treatment of carboxin + T. harzianum (TNS3) suppressed the wilt disease 
by 47-52 % and increased the yield of ashwagandha by 31-36% being greater (not 
significant at P<0.05) with seed treatment of fungicide + soil application of BCAs 
than seed treatments with both.  
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Experiment-VIII 
Evaluation for effectiveness of combined application of selected 
Biocontrol agents and Fungicides against Alternaria leaf spot of Ashwagandha 
under field condition 
Based on the performance of the combined application of seed treatment of 
BCAs and foliar spray of fungicides, out of three fungicides tested in pot conditions 
two were found effective viz., mancozeb and hexaconazole. Some of the most 
efficient combined treatments were seed application of biocontrol agents plus foliar 
spray of recommended doses of fungicides at 30+45 days after planting (DAP). These 
combined treatments with two fungicides mancozeb or hexaconazole and biocontrol 
agents viz; (T. harzianum TNS1, T. harzianum TNS3, P. fluorescens PNS-1) not only 
decrease the disease severity of Alternaria leaf spot but also significantly increases the 
dry shoot weight and root yield/plant under pot conditions.  
     The combined treatments were found effective i.e. seed application of 
biocontrol agents plus foliar spray of recommended doses of fungicides (mancozeb or 
hexaconazole) at 30+45 days after planting (DAP). These combined treatment were 
effective in suppressing the Alternaria leaf spot severity and significantly increasing 
the dry shoot weight and root yield of Ashwagandha in pot. Therefore in the present 
experiments, the field trials were conducted for two consecutive years to validate our 
effective results of pot experiments. 
 Symptoms 
Plants grown in the plots infested with A. alternata developed characteristic 
symptoms of leaf spot as described in the previous experiments. Around 59% plants 
growing in fungus inoculated plots showed Alternaria leaf spot symptoms with 
average incidence of 3.6 on 0-5 scale (Fig.4.32). Application of T. harzianum (TNS1), 
T. harzianum (TNS3) and P. fluorescens (PNS1) as seed treatment resulted to 
significant (P<0.05) decrease in the Alternaria leaf spot severity of Ashwagandha  
growing in Pathogen infested soil, while  greater decrease occurred with seed 
treatment of T. harzianum (TNS1) alone. Foliar application of Mancozeb (0.2%) at 30 
and 30+45 (DAP) significantly decreases the disease severity by 5 - 6% respectively. 
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Highest decrease of disease severity (67%) of Alternaria leaf spot was recorded with 
the integrated application of seed treatment of T. harzianum (TNS1) plus Foliar spray 
of Mancozeb (0.25%) (30+45 DAS) over inoculated control Next in effectiveness was 
seed treatment of P. fluorescens (PNS2) plus foliar spray of Mancozeb (0.25%) 
(30+45 DAS), which decreases the disease severity by 63% which is 8% higher than 
the individual treatment of mancozeb (0.25%) at 30 DAP in two consecutive years. 
The treatments viz; seed treatment of T. harzianum (TNS3) plus foliar spray of 
Mancozeb (0.25%) at 30+ 45 DAP decreases the disease severity by 61% (Fig. 4.32). 
Different combinations of hexaconazole and BCA’s also gave promising 
results against Alternaria leaf spot of Ashwagandha. Seed treatment of T. harzianum 
(TNS3) plus Foliar spray of Hexaconazole (0.1%) at 30+ 45 DAP resulted in 
maximum (58%) decrease of leaf spot disease severity of ashwagandha. Next in 
effectiveness was seed of T. harzianum (TNS1) plus Foliar spray of hexaconazole 
(0.1%) at 30+ 45 DAP, which is (5-8%) higher than their individual treatment 
respectively at (P<0.05).The treatments viz; seed treatment of P. fluorescens plus 
foliar application of hexaconazole (30+45 DAP) (5.55%) was third most effective 
(53.45%) in the management of leaf spot disease of Ashwagandha at P<0.05 (Fig. 
4.33) (Plate 8 & 9). 
Among all the combinations maximum decrease (65%) of disease severity 
was found in seed of T. harzianum (TNS1) plus Foliar spray of Mancozeb (0.25%) 
(30+45 DAS). Next in effectiveness (63%) was seed treatment of P. fluorescens 
(PNS2) plus foliar spray of mancozeb (30+45 DAS). The treatments viz; seed 
treatment of P. fluorescens plus foliar application of hexaconazole (30+45 DAP) 
(5.55%) was third most effective (P<0.05) for two consecutive years.  
Plant dry matter and yield 
Combined treatment of BCAs and fungicides at recommended doses 
significantly promoted the dry shoot and root weight. The individual seed treatment 
of T. harzianum (TNS1) caused 30.97 to 39.65% increase in dry weight and root yield 
respectively. This increase in dry weight is 8% greater than the individual treatment 
of mancozeb (30 DAP).  Maximum increase 45.65 to 47.16% in dry weight and root 
yield was observed in the combination of seed treatment of T. harzianum (TNS1) + 
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mancozeb at 30+ 45 DAP. It is 14-7% higher than the individual treatment of seed + 
soil application T. harzianum (TNS1). Next ineffectiveness was the treatment of seed 
application of T. harzianum (TNS3)+ foliar spray of Mancozeb at 30+ 45 DAP, which 
increases the dry shoot and root weight by 37.42 to 44.59% followed by seed 
application of P. fluorescens (PNS2)+ foliar spray of Mancozeb at 30+ 45 DAP . The 
combination of seed treatment of T. harzianum (TNS3) + mancozeb (45 DAP) results 
37.65-42.96% increase in dry shoot and root respectively for two consecutive years 
(P<0.05) (Table 4.17) (Plate 16 & 17). 
Different combinations of BCAs and recommended dose of hexaconazole also 
significantly increases the dry shoot and root weight. Among these combinations 
greatest increase (32 to 34%) of dry shoot and root weight per plant was observed in 
the treatment comprises seed treatment of T. harzianum (TNS1) + foliar spray of 
hexaconazole at 30+ 45 DAP. Next effectiveness was found in seed of T. harzianum 
(TNS3) + foliar spray of  hexaconazole 30+ 45 DAP, which increases the dry shoot 
and root weight by 25.83-28.20% followed by treatment comprises of seed treatment 
of P. fluorescens (TNS1) + foliar spray of hexaconazole at 30+ 45 DAP  (23.49-
51.55%). Among above discussed combinations the dry shoot and root weight was 
significantly increased 45.60-47.16% in the treatment comprises of the combination 
of seed treatment of T. harzianum (TNS1) + foliar spray of mancozeb at 30+45 DAP, 
followed by seed application of T. harzianum (TNS3) + foliar spray of mancozeb at 
30+ 45 DAP (37.42 to 44.59%) and seed treatment P. fluorescens (TNS1) + foliar 
spray of mancozeb at 30+ 45DAP, (37.65 to 42.96%) for two consecutive years 
(Table 4.17). 
Conclusion  
The present experiments conducted in the field for two consecutive years has 
demonstrated that A. alternata at 4 g/kg soil caused significant reduction in the plant 
growth and yield of Ashwagandha. The disease, however can be effectively controlled 
by the combined treatment of seed application of BCAs and foliar spray of fungicides 
at (30+45 DAP).  The combined treatment of seed application of BCAs and foliar 
spray of fungicides at 45 DAP were not found significant (P<0.005). While studying 
the efficacy of combined treatments, disease severity was effectively controlled by 
seed treatment of T. harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) 
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(30+45 DAS), next effectiveness was seed treatment of P. fluorescens (PNS2) plus 
Foliar spray of mancozeb (30+45 DAS). The next ineffective was seed treatment by 
T. harzianum (TNS3) plus foliar spray of mancozeb (0.25%) at 30+ 45 DAP followed 
by seed treatment of T. harzianum (TNS3) plus foliar spray of hexaconazole (0.1%) at 
30+ 45 DA. While studying the efficacy of combined treatments on plant dry matter, 
the highest increase in dry shoot and root weight was observed in the combination of 
T. harzianum (TNS1) plus Foliar spray of mancozeb (0.25%) (30+45 DAS). Next 
effectiveness was seed treatment of T. harzianum (TNS3) plus foliar spray of 
mancozeb (0.25%) at 30+ 45 DAP followed by seed treatment of P. fluorescens 
(PNS2) plus Foliar spray of mancozeb (30+45 DAS).  
Since disease severity was low in case of last treatment in comparison to seed 
application of T. harzianum (TNS3) plus Foliar spray of mancozeb (30+45 DAS), this 
was treated as the second best treatment after seed treatment of T. harzianum (TNS1) 
plus Foliar spray of mancozeb (0.25%) at 30+45 DAP (P<0.05). 
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Experiment-IX 
Evaluation for effectiveness of integrated application of selected 
Biocontrol agents and Fungicides against Fusarium wilt of Ashwagandha under 
field condition 
As evident by the results of Experiment-VII that among four Biocontrol agents 
tested alone and in combination with fungicides against the wilt severity only two viz; 
T. harzianum (TNS3) and P. fluorescens were found effective. However, recom 
mended doses of carboxin and carbendazim suppressed the wilt incidence and 
significant increase in the dry shoot weight and root yield of Ashwagandha. Hence in 
the present experiment lower than the recommended doses of the two fungicides were 
used to enhance effectiveness of the lower dose of carbendazim and carboxin by 
integrating with the two most effective BCAs, in order to devise an effective 
integrated treatment of BCAs and lower than the recommended dose of fungicides. A 
field trial was carried out to test and ascertain the effectiveness of the combined seed 
and soil treatment of selected BCAs and fungicides against wilt of Ashwagandha 
caused by Fusarium solani. 
Plants grown in the pots infested with F. solani developed characteristic 
symptoms of wilt as described in the previous experiments. Around 60% plants 
growing in fungus inoculated pots showed wilt symptoms with average incidence of 
3.6 on 0-5 scale. Application of T. harzianum (TNS3) as seed and soil treatment 
resulted to 53.7 and 50.4% decrease in wilt disease severity (Fig.4.34). The combined 
treatment with soil application of carbendazim (10 mg/kg soil) and T. harzianum 
(TNS3) (4 g/kg soil) resulted to 57.5% decrease in wilt incidence.  Application of P. 
fluorescens (PNS1) resulted to 50.5 and 46% decrease in wilt incidence with seed 
treatment (4 g/kg seed) and soil application (4 g/kg soil), respectively (Fig.3.35). 
Combined treatment of P. fluorescens (PNS1) with carbendazim increased the disease 
suppressive potential of P. fluorescens (PNS1) by 2.8 - 7.2%, leading to a maximum 
52.6% suppression of disease with 1 g carbendazim /kg seed + 4 g P. fluorescens 
(PNS1)/ kg soil.Seed and soil application of carboxin resulted in 14 and 12% decrease 
in ashwagandha wilt incidence. Integration of carboxin with T. harzianum (TNS3) 
resulted in 3.5-8.4% increase in the disease suppressive potential of the BCA and 
fungicide leading to 61.5% decrease in wilt disease at 4 g T. harzianum (TNS3) /kg 
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soil plus 1 g carboxin /kg seed (Fig. 4.34).The total decrease in wilt was greater than 
the individual effect of BCA and fungicide irrespective of their mode of application. 
Application of P. fluorescens (PNS1) gave 51.5 and 46 % decrease in the wilt severity 
with its seed and soil application, respectively. The combined application of the BCA 
and fungicide resulted to 58.6% decrease in wilt disease at 1 g carboxin/kg seed and 4 
g P. fluorescens (PNS1) /kg soil by which was 7.8 % higher than the single soil 
application of the BCA (Fig.4.35).  
Among all the combined treatments of carbendazim and carboxin with 
different BCAs, maximum decrease in disease severity (61.5%) was observed in 
combined soil application of carboxin and T. harzianum (TNS3) at 4 g T. 
harzianum(TNS3) /kg soil plus 1 g carboxin /kg seed  next in effectiveness was 
combined application of the carboxin and P. fluorescens (PNS1) resulted to 58.6% 
decrease in wilt disease at 1 g carboxin/kg seed plus 4 g P. fluorescens (PNS1) /kg 
soil followed by soil application of carbendazim (10 mg/kg soil) and T. harzianum 
(TNS3) (4 g/kg soil) resulted to 57.5% decrease in wilt incidence 
Plant dry matter and yield 
Integrated treatments offungicides and biofungicides considerably promoted 
the dry matter and yield of Ashwagandha plants by integrated application (Table 
4.18). The individual application of T. harzianum (TNS3) as seed and soil application 
caused 12% increase in plant dry matter, whereas 4.7-11% increase in plant dry 
matter was recorded when applied along with fungicides. An increase of 11% in plant 
dry matter production (P<0.05) was recorded with 1 g carbendazim/kg seed + 4 g T. 
harzianum(TNS3) /kg soil. combined seed treatment by T. harzianum (TNS3) and 
carbendazim that enhanced the plant dry weight by 9.5% (P<0.05). Integrated 
treatment of carbendazim and (TNS3) as 10 g carbendazim/kg soil + 4 g T. harzianum 
(TNS3) /kg seed did not make any significant (P<0.05) promotion on plant dry weight 
as compared to their individual effects, whereas, greatest increase in plant dry weight 
(22.5%) was recorded with 1 g carbendazim /kg seed + 4 g Pseudomonas fluorescens 
(PNS1) /kg seed . Increase in dry matter (13.8%) was  also recorded in combined 
application of 1 g carboxin /kg seed + 4 g T. harzianum (TNS3) /kg soil. joint seed 
treatment by  T. harzianum (TNS3) and carboxin  that enhanced the plant dry weight 
by 10% at (P<0.05) (Plate 12 & 13). 
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Integrated treatment of carboxin and T. harzianum (TNS3) as 10 mg carboxin  
/kg soil + 4 g T. harzianum (TNS3) /kg seed did not make any significant (P<0.05) 
promotion on plant dry weight as compared to their individual effects. 
The yield enhancement attained with 4 g Pant Biocontrol Agent-1 /kg soil + 1 
g carbendazim /kg seed and seed treatment with carbendazim + soil application by 
Pant Biocontrol Agent-2 were at par with each. Highest yield of Ashwagandha (40.17 
g/plant) was recorded with the treatment comprising of seed treatment of carboxin + 
soil application of Pseudomonas fluorescens (PNS1); this combination increased the 
yield by 35.9% that was 21.5% greater than the yield obtained with soil application by 
the biofungicide (Table 4.11). The treatment next in effectiveness was joint 
application of seed treatment by carboxin and Pant Bocontrol Agent-1 that resulted to 
31.5% increase in Ashwagandha yield being 13.3% higher than the individual seed 
treatment of the biofungicide. 
Among all the different combinations of carbendazim and carboxin with 
biofungicides, maximum enhancement in plant dry weight greatest increase in plant 
dry weight (22.5%) was recorded with 1 g carbendazim /kg seed + 4 g Pseudomonas 
fluorescens (PNS1) /kg seed. The yield enhancement attained with 4 g T. harzianum 
(TNS3) /kg soil + 1 g carbendazim /kg seed and seed treatment with carbendazim + 
soil application by P. fluorescens (PNS1) were at par with each. Highest yield of 
Ashwagandha (40.17 g/plant) was recorded with the treatment comprising of seed 
treatment of carboxin + soil application of Pseudomonas fluorescens (PNS1). Seed 
treatment by fungicide + soil application by biofungicide emerged as the most 
effective treatment in enhancing the plant dry matter and yield compared to their 
individual treatments (Plate 14 & 15).  
Conclusion 
The field trial has demonstrated that integration of carboxin or carbendazim at 
a dose half of the recommended dose significantly enhanced the effectiveness of the 
biofungicides. Integration of carboxin with T. harzianum (TNS3) was found highly 
effective against the Ashwagandha wilt. The combined treatment of carboxin plus T. 
harzianum (TNS3) suppressed the wilt disease by 48-54% and also increased the yield 
of Ashwagandha by 32-37%  
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DISCUSSION  
Ashwagandha (Withania somnifera (L.) Dunal), commonly called as ‘winter 
cherry’ is one of the most important medicinal plants cultivated in Africa, 
Mediterranean region and middle east Asia (Pati et al., 2008). In India, Ashwagandha 
is cultivated over an area of 10,780 hectare with a production of 8429 tons while the 
annual demand of this herb increased from 7028 tons during 2001- 2002 to 9127 tons 
during 2004-2005 (Srivastava and Sahu, 2013). This 29.8% increase in the demand of 
Ashwagandha has led to an increase in area under its cultivation for higher production 
(Shanmugaratnam et al., 2013). India exports Ashwagandha in the form of capsules 
and dried root powder. The major Ashwagandha growing states are Madhya Pradesh, 
Uttar Pradesh, Rajasthan, Gujarat, Maharashtra, Tamil Nadu and Kerala. In Aligarh 
district of Uttar Pradesh, Ashwagandha is cultivated in 950 hectare producing 4750q 
of dried roots and 3.75 q of seeds (Ashraf. 2014). 
  Ashwagandha is prone to several diseases and pests (Gupta et al., 1993, 
Nagraj and Reddy, 1985).Under field conditions, the plants are damaged by viruses, 
mycoplasmas, bacteria as well as fungal pathogens. The two most destructive fungal 
pathogens of this plant are Alternaria alternata causing alternaria leaf spot and 
Fusarium solani, causing fusarium wilt. Alternaria leaf spot causes 50-60% yield loss 
(Patiet al., 2008), whereas the yield loss due to fusarium wilt has been estimated by 
55-65% (Bharti et al., 2013) and plant mortality about 30-50% (Alam et al., 2007). 
The older and mature leaves are more susceptible to infection caused by A. alternata. 
F. solani causes infection at seedling stage which sometimes results incomplete yield 
loss, however when the infection is caused at a later stage, no seed formation takes 
place or if formed, it is thin, tiny and shriveled. The disease cause considerable 
damage to the plant during warm and humid climatic conditions.  
Various options of disease management such as chemical and biological 
control are available and among them chemicals are considered one of the best and 
reliable options but they pose serious health and environmental risks, which have 
limited their use. Biological control offers a method of improving crop production 
within existing resources without a risk of environmental degradation and pest 
resurgence.  
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Reduction or elimination of soil borne inoculums is one of the effective 
solutions to overcome the problem and this may be achieved easily through fungal 
and bacterial biocontrol agents. The diversity of naturally occurring microorganisms 
of the rhizosphere and phyllosphere and their potential for biological control of plant 
pathogens have been examined extensively (Jayraj et al. 2007). In the recent years, 
biocontrol agents have gained popularity due to their effectiveness, safety and eco-
friendliness and hence, their demand has gradually increased. Several species of 
fungal biocontrol agent, Trichoderma, and bacterial biocontrol agents, Bacillus and 
Pseudomonas have been found effective against a range of crop diseases (Abo-
Elyousr et al., 2014; Dubey et al., 2007). The most common species of Trichoderma 
which have been successfully exploited in biological control of pathogenic fungi are 
T. virens, T. viride and T. harzianum (Benitez et al., 2004). T. viride have been found 
to cause significant reduction in the mycelial growth, spore germination, spore 
production and germ tube formation of A. solani and A. alternata (Latha et al., 2009). 
T. harzianum has been found active against F. oxysporum inciting wilt in 
Ashwagandha (Sharma and Trivedi 2010). Trichoderma can even exert positive 
effects on plants with an increase in plant growth similar reports have also been found 
in case of T. virens (bio fertilization) and the stimulation of plant-defence mechanisms 
(Chet et al., 1997). 
               Trichoderma spp. are well known antagonists of plant pathogenic fungi 
including A. alternata inciting leaf spot of Ashwagandha and F. solani inciting wilt of 
Ashwagandha (Sharma and Trivedi, 2010; Latha et al., 2009) . Fluorescent 
pseudomonads have also demonstrated substantial antagonistic potential against fungi 
that cause plant diseases of economic importance (Khan et al., 2009). Trichoderma 
species when applied to soil directly or indirectly through seed treatment grow readily 
along with the developing root system of the plant (Zhang et al., 1996; Howell et al., 
2000) and thus provide protection against pathogen infection. The disease suppression 
by Trichoderma spp. may result from the competition between the pathogen and BCA 
for nutrients and space or  production of antibiotics such as trichodermin, 
trichodermol A and harzianolide (Claydon et al., 1991) which inhibit spore 
germination, hyphae development and spore production of plant pathogenic fungi 
(Nawar, 2007). Hyphal coiling and production of cell wall degrading enzymes are 
actively involved in the antagonism against A. alternata and F. solani inciting wilt 
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(Srivastava et al., 1996; Gajera et al., 2012). Trichoderma spp. cause degradation of 
the host wall by producing lytic enzymes like chitinase, glucanases and 1, 3 β-
glucosidase (Tronsmo et al., 1993). In the present study, the formulations of T. 
harzianum provided comparatively better control of the disease than T. viride. This 
differential response of Trichoderma spp. towards root-rot fungus may be attributed to 
production of greater amount of toxic metabolites by T. harzianum than T. viride. 
Similar observations of greater antagonism by T. harzianum than T. viride have been 
recorded by other researchers against (Khan and Gupta, 1998), Fusarium oxysporum 
(Khan et al., 2013), F. oxysporum f. sp. ciceri (Gurha, 2001; Dubey et al., 2007) and 
F. oxysporum (Wani, 2005). Gajera et al. (2012) and Singh et al. (2012) reported 
production of greater amount of antifungal metabolites by T. harzianum than T. 
viride. The suppression of F. solani with cell free metabolites of Trichoderma spp. 
further confirm the role of metabolites in disease suppression (Sreedevi et al., 2011). 
Increased production of gliotoxins by Trichoderma spp. is responsible for the 
antagonism of the BCA against F. solani (Ridout and Lumsden, 1993). Soil 
application of T. viride greatly reduced the disease incidence of F. solani on jute 
(Srivastava et al., 2010). Seed treatment with T. viride and T. harzianum effectively 
managed A. alternata and F. solani (Bhaskaran and Seetaraman, 1986). Jeyarajan and 
Ramakrishnan (1991, 1995) reported that wilt of chickpea decreased from 23.6 to 3% 
by seed treatment with T. viride.  
               Application of P. fluorescens in the present study, proved considerably 
effective against the Alternaria leaf spot and Fusarium wilt of Ashwagandha was next 
to the strains of T.harzianum in suppressing the disease and improving the yield. P. 
fluorescens, a bacterial biocontrol agent, is one of the most versatile plant growth 
promoters which possess Similar reports have also been found in case of T. virens 
(Kumar et al., pathogens (Hodges et al., 1994; Fanny and  Pfender 1997; Gupta et al., 
2002; Kishore et al., 2005; Jayraj et al., 2007;Mansooret al., 2007; Sen et al., 
2009).The bacterium has been found to reduce the mycelial growth, spore 
germination, spore production and germ tube formation of A. solani and A. alternata 
(Latha et al., 2009). During the biocontrol activity, the bacteria extensively colonize 
the hyphae of fusarium and form microcolonies on them (Bolwerk et al., 2003). This 
colonization is likely to make the fungus less virulent. There duction in disease 
severity in P. fluorescens treated plants could be attributed to their direct antagonism. 
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Their capability to produce siderophores is not only useful in iron acquisition but also 
interfere in establishing a pathogenic relationship of fusarium with host plant (Sayyed 
and Chincholkar, 2009). Fusaric acid secreted by hyphae of Fusarium spp. acts as a 
chemo-attractant for cells of P. fluorescens (Weert et al., 2003).Several strains of 
Bacillus viz., B. subtilis, B. pasteurii, B. cereus, B. pumilus, B. mycoides, and B. 
sphaericus are observed to elicit significant reduction in fungal diseases on various 
host plants (Ryuet al., 2004). The inhibitory effect of Pseudomonas and Bacillus 
strains against A. solani might be due to the production of antibiotic substances. 
Strains of Bacillus spp. have been reported to produce wide array of antibiotics viz., 
2,4, diacetylphloroglucinol, oligomycin, phenazine, pyoluteorin, pyrolnitrin, 
pyocyanin, iturin, bacillomycin, zwittermycin A and surfactinwhich are responsible 
for their antifungal action (Whipps, 1997; Nielson et al., 1998;  Yu et al., 2002). B. 
subtilis have been found effective in inhibiting the mycelial growth of Alternaria 
species (Devi et al., 2014). Bio efficacy of B. subtilis has also been reported against 
Fusarium spp. inciting root rot/wilt in Ashwagandha (Mallesh et al., 2009). IAA 
produced by P. putida strain GR12-2 was found to play a major role in root 
elongation (Patten and Glick, 2002). Primary root system of canola seedling from 
seeds treated with P. putida GR12-2 were 35-50% longer than the roots from the 
uninoculated seeds.Soil application of a commercial formulation of PGPR 
Pseudomonas fluorescens besides disease suppression also accompanied with highest 
economic yield in W. somnifera and Cassia angustifolia (Ramakrishnan and 
Senthilkumar 2009). Combined applications of PGPR P. fluorescens and chemical 
resistance inducers reduced disease severity by 88 % and enhanced root yields by 419 
%, in W. somnifera (Bharti et al. 2013). Plants treated with arbuscular mycorrhizal 
fungus (Glomus fasciculatum), neem cake, or PGPR Pseudomonas fluorescens 
showed significantly reduction in the disease incidence and increased forskolin yield 
(Das et al. 2012). 
          In the present study strains of Trichoderma harzianum and P. fluorescens 
revealed promising results not only in the management of leaf spot and wilt of 
Ashwagandha but also in increasing the plant dry weight and root yield significantly. 
In the present study, seed treatment with biofungicides provided relatively greater 
protection against the disease compared to soil application. This may be due to the 
formation of an initial barrier against the pathogen by multiplication and colonization 
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of seed by the BCA would have restricted the entry and establishment of F. solani. 
However, the BCA when applied to soil would have taken some time in multiplying 
and establishing in the soil rhizospere of Ashwagandha plant providing opportunity to 
F. solani to infect the germinating seeds. Similar reports was also confirmed in other 
medicinal plants. Some reports clearly indicated that the root-rot/wilt of important 
medicinal plant C. forskohlii could be significantly reduced by the application of bio-
agents like Trichoderma spp, Pseudomonas fluorescens (Boby and Bagyaraj, 2003; 
Singh et al., 2009) and equivalent yield could be obtained with reference to chemical 
fertilizers treated plots. Paramasivan et al., (2007) reported that the use of bioagents 
like T. harzianum and P. fluorescens reduced the disease incidence by 20-21%. 
Mallesh et al., 2009 reported the study on root knot/wilt complex of Ashwagandha 
and Coleus forskohlii showed that Fusarium wilt of Ashwagandha was also 
effectively managed by Trichoderma spp. in the treatment of Trichoderma virens and 
Trichoderma harzianum respectively. Seed treatment with strains of Trichoderma 
harzianum significantly decreases the 69.54%, 51.52% reduction in the wilt disease 
incidence and also increases the seed germination, plant height, root thickness, 
number of branches per plant (Ashraf & Zuhaib, 2014).  Kumar et al., 2009 reported 
that the yield parameters and cost economics of Withania somnifera were studied 
using combined application of Pseudomonas spp. The experiment was conducted in a 
randomized block design with 3 replications for 2 consecutive years, along with 2 
levels of organic manure, 10 t ha−1 and 20 t ha−1. Inoculation with Pseudomonas spp. 
produce encouraging results. 
             While during the study of efficacy of fungicides against Alternaria alternata 
foliar spray of mancozeb and hexaconazole were found effective during the present 
study.  Similar reports was also carried out by khan et al., (1995) they reported that 
mycelial growth of A. alternata on Richard's agar medium was significantly reduced 
by Mancozeb, carbendazim, Hexaconazole and propiconazole. Similar reports were 
also reported by Chandravanshi et al., (1994) they have been studied the efficacy of 
different fungicides (carbendazim, thiophanate-methyl, copper oxychloride, captan, 
mancozeb) against A. alternata causing leaf spot of tomato and found that 
carbendazim and mancozeb as effective fungicides. Chemical fungicides (benomyl) 
reduced the disease incidence (54.54%) caused by Fusarium chlamydosporum (Singh 
et al., 2009) during field study of an important medicinal plant Coleus forskohlii. 
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Paramasivan et al. (2007) reported that the use of chemical fungicide (Carbendazim) 
reduced the disease incidence by 18%. Kulkarni et al. (2007) reported that the lowest 
population (cfu/g soil) of F. chlamydosporum and R. bataticola was observed with the 
use of carbendazim. 
                In the present study fungicides seed treatment with carbendazim and 
carboxin was found effective against F. solani. Similar results were also confirmed by 
other authors also. Systemic fungicides viz., thiram, captan and vitavax have been 
found effective against fusarial wilt and inhibited the infection by F. oxysporum f.sp. 
lentis by 100, 84.75 and 46.31%, respectively (Agarwal et al., 1974). Sharma et al. 
(2002) conducted studies to evaluate effectiveness of thiram, bavistin and captan 
against F. oxysporum f.sp. lini at 500 ppm concentration, all the fungicides were 
effective over check. Bavistin is systemic fungicide which has proved to be highly 
effective against soil/seeds with bavistin (carbendazim) increased the germination, 
seed yield and decreased the infection of F. oxysporum f sp. ciceri on infected plants 
(Shukla et al, 1981). Carboxin, carbendazim and captan were found effective against 
F. oxysporum f.sp.gladioli (Mishra et al.,2000, Prasad et al.,2003, Rana et al., 2004, 
Khan, 2005) and other Fusarium spp. (Singh et al., 2000, De et al., 2003). Seed 
treatment with carbendazim, captan and thiram significantly increased the seed 
germination and seedling vigour (Singh et al., 2004). Out of the 6 fungicides tested 
against F. oxysporium f sp. ciceri and R. solani, carbendazim (as Bavistin, 100 g/ml) 
was found to be most effective in controlling both the pathogens (Gupta et al., 1997). 
In vitro seed treatment of bavistin (carbendazim), at 100 g/ml completely inhibited the 
radial growth of F. oxysporum f sp. ciceri and seed treatment with bavistin @ 2g/kg 
seeds gave 70% control of C. borivilianum wilt (Singh et al., 1993). Seed 30 treatment 
by carbendazim @ 2 g/kg seed effectively managed wilt severity by 51% (Khan et al., 
2004).  
 
To formulate genuine and effective combinations of fungicides and 
biofungicides, compatibility of the biocontrol agents with fungicides is essentially 
needed to be tested. The study on compatibility of Biocontrol agent and fungicides 
revealed that all Biocontrol agent were found to be tolerant to carbendazim, thiram 
and captan, but to a varied extent. Researchers have shown that tolerance to fungicide 
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exists in Trichoderma species. The compatibility test of biocontrol agents has 
revealed that the fungicide concentrations were tolerated by the biocontrol agents 
isolated from rhizospheric soil of Ashwagandha. Among Trichoderma based 
biocontrol agents highest tolerance limit was recorded for Trichoderma harzianum 
(TNS1). Tolerance for carbendazim was almost half to that of captan. Safe tolerance 
limits (ED50) for T. harzianum (TNS1) were found to be 61 µg carbendazim/ml, 26 µg 
copperoxychloride /ml, 232 µg carboxin /ml and 161 µg captan/ml. Tolerance of T. 
harzianum strain C52 to captan has been reported but the strain was sensitive to 
thiram (McLean et al., 2001). Gowdar et al. (2006) reported greater sensitivity of T. 
harzianum isolates to carbendazim. Maximum inhibition (ED90) of the T. harzinaum 
(TNS1) was recorded at 524 µg carbendazim/ml, 806 µg carboxin/ml and 1041 µg 
captan/ml. The next in compatible isolate of biocontrol agents with fungicides was T. 
harzianum (TNS3) , for which the safe tolerance limit (ED50) were 61 µg 
carbendazim/ml, 26 µg copperoxychloride /ml, 201 µg carboxin/ml and 161 µg 
captan/ml. Maximum inhibition (ED90) of T. harzianum was recorded at concentration 
501 µg carbendazim/ml, 166 µg copperoxychloride /ml, 786 µg carboxin/ml and 1000 
µg/ml. Biocontrol bacteria were found more tolerant to fungicides than fungal 
biocontrol agents. The safe tolerance concentration (ED50) for Bacillus subtilis 
(BNS1) were 101 µg copperoxychloride /ml medium, 976 µg carboxin/ml and 3951 
µg captan/ml. Although for carbendazim the bacteria expressed great tolerance which 
is upto a concentration of 50,000 µg/ml. B. subtilis (BNS1) was found relatively more 
compatible than B. subtilis (BNS2). A high degree of tolerance in P. fluorescens and 
Bacillus subtilis to fungicides have been reported by other researchers (Suslow and 
Schorth, 1982; Vidyasekaran and Muthamilan, 1995). Mohiddin and Khan (2013) 
reported that P. fluorescens was compatible with thiram, carbendazim and captan at 
2500 μg thiram/ml and 50,000 μg/ml (captan and carbendazim).                 
In the present study pots trial followed by field trials were conducted with the 
foliar sprays of recommended dose of three fungicides were combined with the seed 
treatment of the Ashwagandha seeds by most effective BCAs, in order to develop an 
effective integrated management module including BCAs and the recommended 
doses of fungicides. The present study revealed that maximum decrease (71%) of 
disease severity was found in seed treatment of T. harzianum (TNS1) plus Foliar 
spray of Mancozeb (0.25%) (30+45 DAS). Next in effectiveness was seed treatment 
 147
by T. harzianum (TNS3) plus foliar spray of hexaconazole (0.1%) at 30+ 45 DA. 
These results of the present study is in accordance with the findings of Rao et al., 
2009 according to them out of different integrated seed treatment options tested for 
the management of Alternaria blight of sunflower, highest benefit was obtained in the 
seed treatment with Trichoderma harzianum along with foliar spray of Mancozeb 
(0.2%) followed by seed treatment with Trichoderma harzianum plus foliar spray of 
hexaconazole (0.1%) foliar spray. Rathi and Singh (2010) tested efficacy of different 
bio-agents and fungicides with different combinations as seed treatment with T. 
harzianum seed followed by foliar spray of Ridomil and Carbendazim and deduced 
that significant reduction was achieve in the alternaria leaf blight affected mustard. 
Karthikeyan et al., (2008) tested fungicide alone and in combination of different 
antagonistic microorganisms against onion blight disease (A. palandui) in bulb (seed) 
treatment and bulb treatment +foliar spray and found Mancozeb was most effective 
followed by T. viride for control of disease. 
             In the present study of field trial, it has been demonstrated that the 
integration of carboxin or carbendazim at a dose half of the recommended dose 
significantly enhanced effectiveness of the biofungicides. Integration of carboxin with 
T. harzianum (TNS3) was found highly effective against the Ashwagandha wilt. The 
combined treatment of carboxin plus T. harzianum (TNS3) suppressed the wilt disease 
by 48-54% and also increased the yield of Ashwagandha by 32-37%. Our findings are 
in accordance with Hegde et al., 2014 according to them Coleus forskohlii is an 
important medicinal plants and wilt of Coleus forskohlii is a disease complex caused 
by Rhizoctonia bataticola, Fusarium chlamydospourm, Sclerotium rolfsii and 
Ralstonia solanacearum . Field experiments were conducted for two years (2007-08 
and 2008-09) to develop the integrated management strategies for wilt complex. 
Results indicated that wilt complex was effectively managed by dipping the cuttings 
in 0.1% carboxin+thiram before planting followed by drenching the same fungicide at 
30 days after planting. This treatment recorded maximum yield and next best 
treatment was soil application of FYM @ 10 t/ha + Trichoderma harzianum @ 25 
kg/ha. Gouder and Kulkarni (1999) attempted to control the fusarial wilt of pigeonpea 
in laboratory and in glasshouse by combined application of T. harzianum and 
fungicides. Mishra et al. (2004) reported in vitro tolerance of T. harzianum strains to 
fungicides viz. captafol, captan, thiram and carbendazim. Integration of G. virens with 
carboxin has been reported against wilt complex of lentil and chickpea (Mukerji, 
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1991, Shreshtha, 1992). Mishra et al. (2000) and Prasad et al. (2003) reported that T. 
virens was observed to be equally effective in comparision to carboxin in controlling 
gladiolus wilt in vivo. Combined treatment with a fungicide + T. harzianum reduced 
the black spot disease of rose and significantly increased flower weight greater than 
fungicide alone (Prasad et al., 2002). Significant reduction in wilt of chickpea with 
combined application of T.viride/T.harzianum and carboxin/bavistin/thiram has been 
recorded (Agarwal, 2002), integrated application of T. harzianum and thiram emerged 
to be more effective than either T. harzianum or thiram alone. Significant 
improvement in the effectiveness of T. harzianum, G. virens and P. fluorescens was 
observed when the biocontrol agents were applied with carboxin. 
Initially, the soil population of biocontrol agents showed slow rate of increase. 
However, one month later, a gradual increase in the soil population of BCAs was 
recorded. This shows that initially the fungicide suppressed the multiplication 
capability of the initial population of the BCA, but subsequently the fungicidal effect 
got diminished leading to rapid multiplication and establishment of the BCA (Kay and 
Stewart, 1994). Seed treatment with fungicides provided an effective protection to 
seeds during germination and seedling growth followed by activation of the BCA 
component at the later stage of growth and development of the seedling, providing 
protection to root system and improving plant health and development (Harman and 
Bjorman, 1998). In this IDM module fungicide weakened the pathogens before the 
action of BCA, giving opportunity to the BCA to compete with a lower/weak 
population of the pathogen (Henis et al., 1978; Henis and Papavizas, 1982). Once the 
BCA got established in the soil, it initiated the biocontrol activity at a much greater 
pace. The seeds applied with fungicide germinate well and produce greater number of 
lateral roots. The root exudates attract rhizobacteria (Scher et al., 1985), which rapidly 
colonize the roots due to profuse exudation of wide range of amino acids, 
carbohydrates, organic acids (Hayman, 1969, Lynch, 1978).  
Hence, the treatment (seed treatment with carboxin and T. harzianum) shall 
greatly reduce the pesticide load in the crop and prevent the contamination of food 
and environment, thus providing an economically feasible and ecologically 
sustainable option for the management of Fusarium wilt of Ashwagandha of chickpea. 
In view of the effectiveness, handy to apply and the cost involved, it is expected that 
the IDM module consisting of seed treatment with both carbendazim and biocontrol 
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agents (T. harzianum) will be adopted by the farmers in India. However, before its 
commercial use, validation of the module is essentially required to be done through 
multilocational field trials in naturally infested farmer’s fields. 
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Plate 1: Symptom of wilt of Ashwagandha caused by Fusarium solani 
 
 
Plate 2: Trichoderma harzianum (TNS1) inhibiting Alternaria alternata 
causing leaf spot of Ashwagandha 
 Plate 3: Trichoderma harzianum (TNS3) inhibiting Alternaria alternata 
causing leaf spot of Ashwagandha (In-vitro) 
 
 
Plate 4: Different strains of Trichoderma harzianum  inhibiting 
Alternaria alternata causing leaf spot of Ashwagandha (In-vitro) 
 
 
  
 
 
 
 
 
 
 
 
Plate 5: Growth of strain of Trichoderma harzianum in control (In-vitro) 
  
  
 Plate 6: Symptom of Fusarium wilt of Ashwagandha incited by 
Fusarium solani in field condition 
 
 
Plate 7: Symptom of Fusarium wilt of Ashwagandha incited by 
Fusarium solani in field condition 
 Plate 8: Symptom of Alternaria leaf spot of Ashwagandha incited by 
Alternaria alternata in field condition 
 
 
Plate 9: Field trials of Trichoderma harzianum against Alternaria leaf 
spot of Ashwagandha incited by Alternaria alternata in field condition 
 Plate 10: Field trials of Trichoderma harzianum against Alternaria leaf 
spot of Ashwagandha incited by Alternaria alternata in field condition 
 
 
Plate 11: Symptom of Alternaria leaf spot of Ashwagandha incited by 
Alternaria alternata in field condition 
 Plate 12: Field trials of Trichoderma harzianum against Fusarium wilt  
of Ashwagandha caused by F. solani  in field condition 
 
 
Plate 13: Field trials of different strains Trichoderma harzianum against 
Fusarium wilt of Ashwagandha caused by F. solani in field condition 
 
 
 
Plate 14: Showing field trials of T. harzianum, P. fluorescens against 
Fusarium wilt of Ashwagandha caused by F. solani in field condition 
 
 
Plate 15: Showing field trials of integrated application of biocontrol 
agents and fungicides in the management of Fusarium wilt of 
Ashwagandha  
 
 Plate 16 : Symptom of Alternaria leaf spot of Ashwagandha incited by 
Alternaria alternata in field condition 
 
Plate 17 : Showing field trials of T. harzianum, P. fluorescens against 
leaf spot of Ashwagandha caused by A. alternata in field condition 
 
 
 
 
Table 4.1: Effect of Inoculation of Alternaria alternata on the total yield per plant of 
Ashwagandha cv.JA-134 under pot condition 
    Variety  
  
    I YEAR                                           II YEAR 
Un-Inoculated plants  Inoculated plants Un-Inoculated plants  
Inoculated plants 
 
RAS-59 17.65 b 14.08
 a 
(20.25) 17.3 b 13.97 b (19.25) 
RAS-7 13.22 k 9.86
 j 
(25.45) 12.99 f 9.83 d (24.32) 
JA-20  20.55a 14.52
b 
(29.32) 20.01 a 14.28 a (28.65) 
IC 310595 12.7 n 11.91
 f 
(6.24) 12.00e 11.24 e (6.3) 
RAS-10  18.45 c 15.05
 d 
(18.45) 18.20g 14.92 a (18.04) 
RAS-56 17.11 g 6.12
 k 
(64.25) 16.95 k 5.96 f (64.85) 
IC 283662 16.25 h 8.07
 l 
(50.32) 16.05 l 8.10 m (49.55) 
IC 310620 (B) 12.2 l 10.68
 m  
(12.42) 12.01m 10.57 (12.01) 
RAS-93  14.95 r 9.69
 j 
(35.21) 14.99 f 9.75 k (34.95) 
RAS-37  10.80 f 8.70i (19.41) 10.54 q 8.51l  (19.25) 
RAS-23 11.50q 11.2
fg9 
(1.78) 11.15i 10.93o (2.01) 
JA-134 15.85 p 4.98
 o 
(68.58) 15.45p 4.93r (68.12) 
RAS-98 11.1 e 10.03
p 
(9.62) 11.25o 10.22q (9.12) 
RAS-28  13.95i 10.48
q 
(24.87) 13.24c 10.02p (24.32) 
RAS-111 16.95 o 8.94
n 
(47.21) 16.32r 8.62i (47.21) 
RVA-100 14.56 d 7.94 r(45.41) 14.95dj 8.29c  (44.58) 
IC310620(A) 10.5 c 8.69
 c 
(17.21) 10.11h 8.38lj (17.11) 
IC 283942 10.4df 8.47
 d 
(18.56) 9.96 n 8.16h (18.02) 
C.V. 4.63 5.74 (5.36) 4.34 7.77(5.63) 
S.E.M. 0.40 0.28(0.27) 0.35 0.35(0.25) 
C.D. 5% 1.14 0.82(0.69) 1.02 1.02(0.71) 
C.D. 1% 1.54 1.11(0.92) 1.379 1.37(0.94) 
 
***: Significant at P < 0.005; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-
significant; P : probability value; HSD: Tukey's Honestly Significant Difference; CV: 
coefficient of variation;  Means followed by the same letter in a column are not significantly 
different (P≤0.05) 
  
Table 4.2: Effect of Inoculation of Fusarium solani (1x104 CFU/gm) on the total yield 
per plant of Ashwagandha cv.JA-134 under pot condition 
 Variety  
  
 Year-I Year-II 
Un-Inoculated  
Inoculated 
plants 
Un-
Inoculated  
          Inoculated 
plants 
RAS-59 17.143bc 8.820e(12.982) 17.260bc 8.740de(13.000) 
RAS-7 13.280hi 8.590ef(10.935) 12.950gh 8.750de(10.850) 
JA-20  19.913a 11.300c(15.607) 19.970a 11.050c(15.510) 
IC 310595 11.907j 8.630ef(10.268) 11.960hi 7.683fgh(9.821) 
RAS-10  18.210b 8.300ef(13.255) 18.160b 7.680fgh(12.920) 
RAS-56 17.020cd 14.540a(15.780) 16.910cd 13.990a(15.450) 
IC 283662 15.980de 13.330b(14.655) 16.010de 12.910b(14.460) 
IC 310620 (B) 12.197ij 7.440gh(9.818) 11.970hi 6.940ghi(9.455) 
RAS-93  14.457fj 6.280i(10.368) 14.950f 5.970i(10.460) 
RAS-37  11.420jk 8.530ef(9.975) 10.500jk 8.160ef(9.330) 
RAS-23 11.267jk 8.160efg(9.713) 11.110ij 7.880efg(9.495) 
JA-134  15.450ef 9.830d(12.640) 15.410ef 9.280d(12.345) 
RAS-98 11.493jk 4.220j(7.857) 11.210ij 4.110jk(7.660) 
RAS-28  13.537gh 8.370ef(10.953) 13.200g 7.600fgh(10.400) 
RAS-111 16.690cd 4.240j(10.465) 16.280cde 3.790k(10.035) 
RVA-100 14.537fg 4.660j(9.598) 14.910f 4.820j(9.865) 
IC310620(A) 10.667k 7.880fgh(9.273) 10.070k 7.610fgh(8.840) 
IC 283942 10.563k 7.280h(8.922) 9.920k 6.750hi(8.335) 
C.V. 4.884 5.984(5.360) 4.422 7.778(5.639) 
S.E.M. 0.401 0.289(0.247) 0.359 0.359(0.254) 
C.D. 5% 1.149 0.828(0.696) 1.028 1.028(0.715) 
C.D. 1% 1.541 1.110(0.924) 1.379  1.379 (0.949) 
  
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-
significant df: degree of freedom; F : F-value; P : probability value; HSD: Tukey's Honestly 
Significant Difference; CV: coefficient of variation;  Means followed by the same letter in a 
column are not significantly different (P> 0.05) 
Table 4.3: Determination of minimum inhibitory concentration (MIC) of different 
fungicides against Alternaria alternata (In-vitro) using poisoned food 
technique 
Fungicides 
 
Percent inhibition in the mycelial growth of Alternariaalternata 
 
 
Concentration of fungicides in ppm 
 
  1 5 10 25 50 100 200 400 500 
Mancozeb 48.45c 76.88c 100a 100a 100 a 100a 100a 100a 100a 
Carbendazim 46.66d 64.24j 78.70c 100a 100 a 100a 100a 100a 100a 
Propineb 35.87f 60.51i 76.32cd 84.45c 94.05c 100a 100a 100a 100a 
Difenconazole 42.32e 81.88b 75.16d 85.45c 100a 100a 100a 100a 100a 
Hexaconazole 77.54 a 84.22 a 90.22b 100a 100a 100a 100a 100a 100a 
Kitazin 18.08g 23.61h 34.44g 45.65f 70.25e 100a 100a 100a 100a 
Propiconazole 66.87b 70.44d 75.91d 89.25b 100a 100a 100a 100a 100a 
Copper 
oxychloride 35.54
i 55.20f 67.15e 75.25e 100a 100a 100a 100a 100a 
Chlorothalonil 45.22d 60.55e 74.44d 80.77d 96.44b 100a 100a 100a 100a 
Thiophanate 
methyl 25.54
j 30.77g 47.74f 60.33e 75.45d 90.65b 100a 100a 100a 
LSD P≤ 0.05  3.40 4.35 4.50 5.06  6.22 - - - - 
Each value is mean of three replicates. Values with in a column followed by different 
alphabets are significantly different at P≤ 0.05 according to post hoc Tukey's  test. 
 
  
Table 4.4: Efficacy of Biocontrol-agents against Alternaria alternata causing leaf   
spot of Ashwagndha. cv.JA-134 (In-vitro) 
 
Treatments 
Alternaria 
alternata 
Mycelial growth 
(mm) 
Reduction over control 
(%) 
Inhibition zone 
(mm) 
Trichoderma 
harzianum TNS-1 11.32
i
 87.24 2.8
b
 
T. harzianumTNS-2 23.64n 73.35 1.7g 
T. harzianum TNS-3 13.65 84.61 2.4c 
T. viride TVR-l 22.32p 74.84 1.9f 
T. virens TVS-1 18.75q 78.86 2.1d 
Aspergillus niger 
ANS-l 31.83
m
 64.11 1.2
i
 
P. fluorescens PNS-1 26.82n 69.76 1.5h 
P. fluorescens PNS-2 19.85r 77.62 2e 
P.fluorescens PNS-3 4.84jh 89.54 3.2a 
Bacillus subtilis BNS-
1 53.91
k 39.22 0.7 
Bacillus subtilis BNS-
2 46.61
l 47.45 1 
control 88.7j - - 
F-value 942.32*** - 654.21** 
P-value 0.0001 - 0.0001 
HSD 
(df=17;p=0.01&0.05) 0.012 & 0.032 - 0.0084 & 0.0072 
Mean 48.87 - 4.68 
CV% 0.456 - 0.0068 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-
significant df: degree of freedom; F : F-value; P : probability value; HSD: Tukey's Honestly 
Significant Difference; CV: coefficient of variation;  Means followed by the same letter in a 
column are not significantly different (P> 0.05) 
 
 
  
Table 4.5:  In-vitro determination of minimum inhibitory concentration (MIC) of 
different fungicides   against Fusarium solani using poisoned food technique 
  
  
Fungicides 
Percent inhibition in the mycelial growth of Fusariumsolani  
 
Concentration of fungicides in ppm 
 
  1 5 10 25 50 100 200 400 500 
Carboxin 40.65d 72.65c 80.83b 90.32b 100 a 100 a 100 a 100 a 100 a 
Carbendazim 64.38 a 81.12 a 88.82 a 95.65a 100 a 100 a 100 a 100 a 100 a 
Captan 55.54c 61.12d 72.21d 81.45d 94.05b 100 a 100 a 100 a 100 a 
Propineb  28.98fg 41.02g 58.21h 70.28g 81.72f 92.32b 100 a 100 a 100 a 
Thiram 35.32f 48.44e 63.45f 75.54i 84.32e 95.65 a 100 a 100 a 100 a 
Thiophanate 
-methyl 
 
10.21h 24.32f 35.21f 45.65j 70.25h 85.45c 100 a 100 a 100 a 
propiconazole 60.87b 75.45b 84.54c 88.55c 100 a 100 a 100 a 100 a 100 a 
Difenocanazole 38.32e 51.12f 64.32e 75.25f 90.54c 100 a 100 a 100 a 100 a 
Copper 
oxychloride 25.12
i 57.74e 66.85fg 78.77e 85.44d 100 a 100 a 100 a 100 a 
Chlorothalonil 22.65j 39.78h 51.12i 60.33h 75.45g 90.65d 100 a 100 a 100 a 
LSDP≤ 0.05 3.15 4.55 4.32 5.23 6.62 - - - - 
 
Each value is mean of three replicates. Values with in a column followed by different 
alphabets are significantly different at P≤ 0.05 according to post hoc Tukey's test. 
 
 
  
Table 4.6:  Efficacy of Biocontrol-agents against Fusarium wilt of Ashwagndha (In-
vitro). 
 
Radial growth 
(mm) 
Reduction over control 
(%) 
Inhibition 
zone 
Control 87.610 a     
Trichoderma harzianum TNS-1 18.740 I  78.613 d 1.967 c  
T. harzianumTNS-2 52.620 b  39.940  k 1.000 g  
T. harzianum TNS-3 10.520 l  87.993  a 2.767 a  
T. viride TVR-l 37.810 e  56.847 h 1.700  cde 
T. virensTVS-1 27.780 g  68.293 f  1.467 ef  
Aspergillus niger ANS-l 23.630 h  73.030 e  1.767  cd  
P. fluorescens PNS-1 42.080 d  51.973i 1.267  fg  
P. fluorescens PNS-2 12.690 k  85.517 b  2.467  b  
P. fluorescens PNS-3 44.600 c  49.093 j 1.167  g  
Bacillus subtilis BNS-1 33.440 f  61.833 g  1.633 de  
Bacillus subtilis BNS-2 16.570 j 81.090 c  2.267 b 
C.V. 1.826 0.726 9.787 
S.E.M. 0.359 0.280 0.100 
C.D. 5% 1.046 0.821 0.293 
C.D. 1% 1.418 1.116 0.399 
  
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-
significant ; P : probability value; HSD: Tukey's Honestly Significant Difference; CV: 
coefficient of variation;  Means followed by the same letter in a column are not significantly 
different (P≤ 0.05) 
  
Table 4.7: Effect of bio control agents and fungicides on the disease severity, dry 
shoot weight and Dry root yield of Ashwagandha cv.JA-134 plant inoculated 
with Alternaria alternata under pot condition. 
Treatment Inoculated with A. alternata 
Dry shoot 
weight/plant 
(g) 
Dry Root yield 
/plant 
(g) 
Control (uninoculated) - 50.6 25.4 
Mancozeb (0.2%) FS 
- 48.5 21.6 
Carbendazim (0.1%) FS 
- 45.8 19.8 
Difenoconazole (0.25%) FS 
- 44 16.6 
Hexaconazole (0.1%) FS 
- 46.6 20.1 
Propiconazole  (0.25%) FS 
- 44.1 18.4 
T. harzianum (TNS1) ST 
- 55.4 30.5 
 T. viride (TVR1) ST 
- 52.1 22.9 
T. virens (TVS1) ST 
- 54.1 24.8 
T. harzianum (TNS3) ST 
- 54.8 29.4 
  P. Fluorescens (PNS2) ST 
- 55.1 27.7 
Control (Inoculated) 4g/kg soil 30.7 9.9 
Mancozeb (0.2%) FS 
4g/kg soil 40.3 17.5 
Carbendazim (0.1%) FS 
4g/kg soil 35.6 14.4 
Difenoconazole (0.25%) FS 
4g/kg soil 31.4 13.1 
Hexaconazole (0.1%) FS 
4g/kg soil 37.3 16.6 
Propiconazole  (0.25%) FS 
4g/kg soil 33.3 13.5 
T. harzianum (TNS1) ST 
4g/kg soil 39.8 18.5 
 T. viride (TVR1) ST 4g/kg soil 32.8 12.2 
T. virens (TVS1) ST 
4g/kg soil 34.8 14.6 
T. harzianum (TNS3) ST 
4g/kg soil 37.4 15.2 
  P. Fluorescens (PNS2) ST 
4g/kg soil 35.2 15.0 
C.V. 1.9 1.09 
S.E.M 2.6 1.7 
C.D 5% 3.5 2.4 
C.D 1% 
 
10.9 21.62 
 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : probability value; 
HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means followed by the same letter in 
a column are not significantly different (P≤ 0.05) 
  
Table 4.8: Effects of bio control agents and fungicides on the disease severity, Dry 
shoot weight and Dry root yield of Ashwagandha cv.RAS-111 plant 
inoculated with Fusarium solani under pot condition. 
Treatment 
Inoculated 
with F. solani 
Dry shoot 
weight/plant Dry Root yield /plant 
- (g) (g) 
Non-inoculted plants 
(NIP) - 50.560d 25.360cd 
NIP+ Carboxin - 45.460e 23.560ef 
NIP+ Carbendazim - 44.760e 23.360f 
NIS+ captan  - 42.060fg 22.560fg 
NIP+ 
Copperoxychoride - 41.560g 21.660g 
NIP + Propiconazole - 42.760f 22.760f 
NIP+T. harzianum 
(TNS3) - 58.360a 27.760b 
NIP+ T. harzianum 
(TNS1) - 54.060c 24.460de 
NIP+ A. niger 
(ANS1) - 53.060c 27.060b 
NIP+ P. 
Fluorescens (PNS1)  - 57.760ab 30.360a 
NIP + B. subtilis 
(BNS1) 4g/kg soil 57.060b 25.660c 
Inoculated Plant (IP) 4g/kg soil 32.460g 19 g 
IP+ carboxin 4g/kg soil 42.260a 30.65 a  
IP+ Carbendazim 4g/kg soil 40.460b 27.11 b  
IS+ captan  4g/kg soil 36.360e 23.87 d  
IP+ 
copperoxychloride 
4g/kg soil 32.360g 22.99 de  
IP + Propiconazole 4g/kg soil 38.360cd 26.67 b  
IP+T. harzianum 
(TNS3) 4g/kg soil 40.460b 
25.79 bc  
IP+T. harzianum 
(TNS1) 4g/kg soil 35.760e 
22.25 e  
IP+ A. niger  (ANS1) 4g/kg soil 33.760f 21.81
 f 
IP+ P. Fluorescens 
(PNS1)  4g/kg soil 39.360
c 24.31
 cd  
IP + Bacillus subtilis 
(BNS1) 
 
38.160d 
23.28 de  
C.V. 1.24 & 1.66 2.48 & 3.81 
S.E.M.  0.35& 0.35 0.35 & 0.35 
C.D. 5%  1.05 & 1.05 1.051 & 1.051 
C.D. 1%  1.429 & 1.42 1.42 & 1.42 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : probability value; HSD: Tukey's 
Honestly Significant Difference; CV: coefficient of variation;  Means followed by the same letter in a column are not 
significantly different (P≤ 0.05) 
Table 4.9: In-vitro compatibility of different biocontrol agents (BCAs) with four 
Fungicides used in the study. 
 
 
Biocontrol 
agents  
 
  Carbendazim 
 
Copperoxychloride 
 
         Carboxin 
 
          Captan 
MTC 
(µg/ml) 
MIC 
(µg/ml)  
MTC 
(µg/ml) 
MIC 
(µg/ml) 
MTC 
(µg/ml) 
MIC 
(µg/ml)  
MTC 
(µg/ml)  
MIC 
(µg/ml)  
T. harzianum 
(TNS1) 61 524 26 166 232 806 161 1040 
T. harzianum 
(TNS2) 
 
38 
 
355 10 96 
 
151 
 
601 
 
51 
 
339 
T. harzianum 
(TNS3) 
 
61 
 
501 26 166 
 
201 
 
786 
 
161 
 
1000 
T. viride 
(TVR1) 
 
41 
 
406 
 
10 
 
97 
 
151 
 
601 
 
126 
 
406 
T. virens 
(TVS1) 
 
51 
 
496 
 
31 
 
151 
 
201 
 
751 
 
170 
 
1000 
P. 
Fluorescens 
(PNS1)  
50000 - 2501 3000 9735 29435 48000 - 
P. 
Fluorescens 
(PNS2) 
50000 - 2010 3038 9116 25335 45000 - 
B. subtilis 
(BNS1) 
 
50000 
 
- 
 
61 
 
101 
 
201 
 
976 
 
3200 
 
4383 
B. subtilis 
(BNS2) 
 
35035 
 
- 
 
76 
 
126 
 
181 
 
799 
 
3100 
 
3951 
 
MTC= Maximum tolerance concentration; MIC= Maximum inhibition concentration; Each 
value is mean of three replicates.    
  
Table 4.10: Evaluation for effectiveness of integrated application of Hexaconazole 
and Biocontrol agents against Alternaria leaf spot of Ashwagandha  cv.JA-134 
under pot condition 
TREATMENTS 
Inoculated 
with A. 
alternata 
Dry shoot 
weight/plant 
(g) 
Root 
weight/plant (g) 
Non Inoculated Plants (NIP) - 50.60 d  25.40 e 
Hexaconazole (FS 30 DAP)  46.60 d 20.10 h 
Hexaconazole (FS 30+ 45 DAP)   47.45 d 21.74 g 
T.harzianum TNS1  (ST)   58.45 d 31.21 a 
T.harzianum TNS3  (ST)  56.32 d 30.21 b 
P. fluorescens  PNS2  (ST)   57.54 d 28.65 c 
Hexaconazole (FS 45 DAP) + T. harzianum 
(TNS1) (ST) - 41.32 d 18.60 k 
Hexaconazole (FS 45 DAP) + T. harzianum 
(TNS3) (ST) - 38.54 d 17.20 l 
Hexaconazole  (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) - 44.80 d 19.10 j 
Hexaconazole (FS 30+ 45 DAP) +  TNS1  (ST)  - 52.20 d 26.80 d 
Hexaconazole (FS 30+ 45 DAP) +  TNS3  (ST) - 48.10 d 22.20 f 
Hexaconazole (FS 30+ 45 DAP) +  PNS2  (ST) - 45.70 d 19.70 i 
Inoculated Plants (IP) 4g/kg soil 30.70 d 20.50 l 
Hexaconazole (FS 30 DAP) 4g/kg soil 37.30 d 34.03 c 
Hexaconazole (FS 30+ 45 DAP)  4g/kg soil 38.45 d 34.89 b 
T. harzianum  TNS1  (ST)  4g/kg soil 45.80 d 35.75 k 
T. harzianum TNS3  (ST) 4g/kg soil  39.40 d 30.54 e 
P. fluorescens  PNS2  (ST)  4g/kg soil 38.20 d 29.54 g 
Hexaconazole (FS 45 DAP) + T. harzianum 
(TNS1) (ST) 4g/kg soil 39.85 d 28.29 i 
Hexaconazole (FS 45 DAP) + T. harzianum 
(TNS3) (ST) 4g/kg soil 37.82 d 27.81 j 
Hexaconazole  (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) 4g/kg soil 37.15 d 27.10 k 
Hexaconazole (FS 30+ 45 DAP) +  TNS1  (ST)  4g/kg soil  46.58 d 33.00 d 
Hexaconazole (FS 30+ 45 DAP) +  TNS3  (ST) 4g/kg soil  42.54 d 29.71 f 
Hexaconazole (FS 30+ 45 DAP) +  PNS2  (ST) 4g/kg soil   41.20 d 29.23 h 
C.V  1.10 & 1.52 2.32 & 2.74 
S.E.M  0.35 & 0.35 0.35 & 0.35  
C.D 5%   1.03 & 1.07  1.39 & 1.38  
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
 
 
Table 4.11:  Evaluation for effectiveness of integrated application of Carbendazim 
and Biocontrol agents against Alternaria leaf spot of Ashwagandha cv-134 
under pot condition:   
TREATMENTS 
Inoculated 
with A. 
alternata 
Dry shoot 
weight/plant 
Root 
weight/plant 
Non Inoculated Plants (NIP) - 50.60d 25.40 d 
Carbendazim   (FS 30 DAP)  45.80h 19.80 j 
Carbendazim   (FS 30+ 45 DAP)   46.77g  20.85h 
T.harzianum TNS1  (ST)   58.45a  31.21 a 
T.harzianum TNS3  (ST)  56.32c 30.21 b 
P. fluorescens PNS2  (ST)   57.54b  28.65 c 
Carbendazim (FS 45 DAP) + T.harzianum 
(TNS1) (ST) - 38.70l 15.40 l 
Carbendazim (FS 45 DAP) + T.harzianum 
(TNS3) (ST) - 40.70k  20.80 i 
Carbendazim (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) - 42.80j  19.70 k 
Carbendazim (FS 30+ 45 DAP) +  TNS1  (ST) - 50.50e  24.70 e 
Carbendazim (FS 30+ 45 DAP) +  TNS3 (ST) - 47.90 f  21.20 g 
Carbendazim (FS 30+ 45 DAP) + PNS2 (ST) - 45.30 i  21.11 f 
Inoculated Plants (IP) 4g/kg soil 30.70 l  20.50 l 
Carbendazim   (FS 30 DAP) 4g/kg soil 35.60 j 29.64 f 
Carbendazim   (FS 30+ 45 DAP)  4g/kg soil 36.74 i 30.85 d 
T.harzianum  TNS1  (ST)  4g/kg soil 45.80 a 35.75 a 
T.harzianum  TNS3  (ST) 4g/kg soil  39.40 e 30.54 e 
P. fluorescens  PNS2  (ST)  4g/kg soil 38.20 g 29.54 g 
Carbendazim (FS 45 DAP) + T.harzianum 
(TNS1) (ST) 4g/kg soil 38.84 f 28.05 i 
Carbendazim (FS 45 DAP) + T.harzianum 
(TNS3) (ST) 4g/kg soil 36.81 h 26.41 j 
Carbendazim (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) 4g/kg soil 35.46 k 25.94 k 
Carbendazim (FS 30+ 45 DAP) +  TNS1  (ST) 4g/kg soil  44.56 b 31.83 b 
Carbendazim (FS 30+ 45 DAP) +  TNS3 (ST) 4g/kg soil  42.89 c 30.89 c 
Carbendazim (FS 30+ 45 DAP) + PNS2 (ST) 4g/kg soil   40.19 d 28.74 h 
C.V  1.15 & 1.42 2.32 & 2.74 
S.E.M  0.35 & 0.39 0.45 & 0.49 
C.D 5%   1.09 & 1.07  1.37& 1.41 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
 
 
 
Table 4.12: Evaluation for effectiveness of integrated application of Mancozeb and 
Biocontrol agents against Alternaria leaf spot of Ashwagandha cv.JA-134 
under pot condition  
TREATMENTS 
Inoculated 
with A. 
alternata 
Dry shoot 
weight/plant  
(g) 
Root 
weight/plant (g)  
Non Inoculated Plants (NIP) - 50.60g 25.40 f 
 Mancozeb (FS 30 DAP)   48.50 i 21.60 k 
 Mancozeb (FS 30+ 45 DAP)  48.87 h 22.05 i 
T. harzianum TNS1  (ST)   58.45 a 31.21ad 
T. harzianum TNS3  (ST)  56.32 c 30.21 b 
P. fluorescens PNS2  (ST)   57.54 b 28.65 c 
Mancozeb (FS 45 DAP) + T.harzianum (TNS1) 
(ST) - 44.21 k 21.70 j 
Mancozeb (FS 45 DAP) + T.harzianum (TNS3) 
(ST) - 40.55 l 19.65 l 
Mancozeb (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) - 51.80 f 22.54 h 
Mancozeb (FS 30+ 45 DAP) +  TNS1  (ST) - 55.80 d 28.50 d 
Mancozeb (FS 30+ 45 DAP) +  TNS3  (ST) - 52.40 e 26.80 e 
Mancozeb (FS 30+ 45 DAP) +  PNS2  (ST) - 48.50 j 24.60 g 
Inoculated Plants (IP) 4g/kg soil 30.70 l 20.50 l 
 Mancozeb (FS 30 DAP)  4g/kg soil 40.30 i 37.21 c 
 Mancozeb (FS 30+ 45 DAP) 4g/kg soil 41.87 h 37.55 b 
T. harzianum TNS1  (ST)  4g/kg soil 45.80 d 35.75 f 
T. harzianum TNS3  (ST) 4g/kg soil  39.40 j 30.54 j 
P. fluorescens PNS2  (ST)  4g/kg soil 38.20 k 29.54 k 
Mancozeb (FS 45 DAP) + T.harzianum (TNS1) 
(ST) 4g/kg soil 49.06  c 37.00 d 
Mancozeb (FS 45 DAP) + T.harzianum (TNS3) 
(ST) 4g/kg soil 43.66  f 31.76 i 
Mancozeb (FS 45 DAP) + P. fluorescens 
(PNS2) (ST) 4g/kg soil 42.17  g 31.81 h 
Mancozeb (FS 30+ 45 DAP) +  TNS1  (ST) 4g/kg soil  58.59  a 41.13 a 
Mancozeb (FS 30+ 45 DAP) +  TNS3  (ST) 4g/kg soil  49.24  b 35.94 e 
Mancozeb (FS 30+ 45 DAP) +  PNS2  (ST) 4g/kg soil   45.2  e 33.41 g 
C.V  1.17 & 1.42 2.22 & 2.44 
S.E.M  0.35 & 0.37 0.32 & 0.37  
C.D 5%   1.07 & 1.12 1.38 & 1.40  
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
  
 
 
 
 
 
 
 
 
 
 
Table 4.13: Effect of integrated treatments of T. harzianum (TNS1) with 
Carbendazim and carboxin on dry matterand root yield of Ashwagandha 
cv.RAS-111. plants grown in Fusarium solani infested and non-infested pots. 
Treatments 
Inoculatio
n with F. 
solani 
Dry shoot 
weight(g) Root yield/plant (g) 
Control - 50.560h 25.360f 
Carbendazim 1g /kg seed - 53.760f 25.210f 
Carbendazim 10 mg/kg soil - 52.360g 24.130g 
T. harzianum (TNS1) 4g/kg seed - 54.960e 28.790d 
T. harzianum (TNS1) 4g/kg soil - 52.360g 26.810e 
Carbendazim 1g /kg seed + (TNS1) 4 g/kg 
seed - 56.260d 30.340ab 
Carbendazim 10 mg/kg soil + (TNS1) 4g /kg 
seed - 56.260d 30.340ab 
Carbendazim 1g /kg seed + (TNS1) 4 g/kg 
soil - 56.860cd 30.340ab 
Carbendazim 10 mg/kg soil + (TNS1) 4g /kg 
soil - 54.960e 29.160cd 
Carboxin 1g /kg seed - 52.960fg 24.670fg 
Carboxin 8 mg/kg soil - 53.360fg 24.670fg 
Carboxin 1g /kg seed + (TNS1) 4 g/kg seed - 57.060bcd 29.910bc 
Carboxin 8 mg/kg soil + (TNS1) 4g /kg seed - 57.560bc 29.910bc 
Carboxin 1g /kg seed + (TNS1)  4 g/kg soil - 59.360a 31.240a 
Carboxin 8 mg/kg soil + (TNS1)  4g /kg soil - 58.060b 28.820d 
Control 4 g/kg soil 32.460g 18.960f 
Carbendazim 1g /kg seed 4 g/kg soil 33.660f 18.850f 
Carbendazim 10 mg/kg soil 4 g/kg soil 31.860g 18.040f 
T. harzianum (TNS1) 4g/kg seed 4 g/kg soil 35.760de 21.530d 
T. harzianum (TNS1) 4g/kg soil 4 g/kg soil 35.760de 20.040e 
Carbendazim 1g /kg seed + (TNS1) 4 g/kg 
seed 4 g/kg soil 37.260c 22.690bc 
Carbendazim 10 mg/kg soil + (TNS1) 4g /kg 
seed 4 g/kg soil 35.760de 22.690bc 
Carbendazim 1g /kg seed + (TNS1) 4 g/kg 
soil 4 g/kg soil 38.660b 22.690bc 
Carbendazim 10 mg/kg soil + (TNS1) 4g /kg 
soil 4 g/kg soil 37.260c 21.800cd 
Carboxin 1g /kg seed 4 g/kg soil 35.560e 18.590f 
Carboxin 8 mg/kg soil 4 g/kg soil 35.560e 16.970g 
Carboxin 1g /kg seed + (TNS1) 4 g/kg seed 4 g/kg soil 38.760b 22.910b 
Carboxin 8 mg/kg soil + (TNS1) 4g /kg seed 4 g/kg soil 36.960c 23.270b 
Carboxin 1g /kg seed + (TNS1)  4 g/kg soil 4 g/kg soil 40.060a 24.670a 
Carboxin 8 mg/kg soil + (TNS1)  4g /kg soil 4 g/kg soil 36.760cd 23.220b 
C.V.  1.127 &  1.718 2.219 & 2.939 
F Prob.  0.000 & 0.000 0.000 & 0.000 
S.E.M.  0.359 & 0.359 0.359 & 0.359 
C.D. 5%  1.035 &  1.035 1.035 & 1.035 
C.D. 1%  1.394 &  1.394 1.394 & 1.394 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : probability value; HSD: Tukey's 
Honestly Significant Difference; CV: coefficient of variation;  Means followed by the same letter in a column are not 
significantly different (P≤ 0.05) 
 
 
Table 4.14: Effect of integrated treatments of T. harzianum (TNS3) with 
Carbendazim and carboxin on dry matterand root yield of Ashwagandha 
cv.RAS-111. plants grown in Fusarium solani infested and non-infested pots. 
Treatments 
Inoculation 
with F. 
solani 
Dry shoot 
weight(g) 
Root 
yield/plant 
(g) 
Control - 50.787h 25.587d 
Carbendazim 1g /kg seed - 53.947e 25.427de 
Carbendazim 10 mg/kg soil - 52.557g 24.357f 
T. harzianum (TNS3) 4g/kg seed - 56.017d 29.327c 
T. harzianum (TNS3) 4g/kg soil - 56.187d 29.327c 
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
seed - 58.717b 30.457b 
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
seed - 57.107c 29.327c 
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
soil - 59.427a 31.467a 
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
soil - 59.007ab 29.647c 
Carboxin 1g /kg seed - 53.167f 24.897e 
Carboxin 8 mg/kg soil - 53.567ef 24.897e 
Carboxin 1g /kg seed + (TNS3) 4 g/kg seed - 59.157ab 30.937ab 
Carboxin 8 mg/kg soil + (TNS3) 4g /kg seed - 57.557c 29.587c 
Carboxin 1g /kg seed + (TNS3)  4 g/kg soil - 59.437a 31.467a 
Carboxin 8 mg/kg soil + (TNS3)  4g /kg soil - 59.027ab 29.657c 
Control 4 g/kg soil 32.687h 19.187f 
Carbendazim 1g /kg seed 4 g/kg soil 33.927g 19.077f 
Carbendazim 10 mg/kg soil 4 g/kg soil 32.067i 18.807f 
T. harzianum (TNS3) 4g/kg seed 4 g/kg soil 37.117cd 22.807e 
T. harzianum (TNS3) 4g/kg soil 4 g/kg soil 37.177cd 22.587e 
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
seed 4 g/kg soil 37.177cd 24.267c 
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
seed 4 g/kg soil 37.577bc 23.017e 
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
soil 4 g/kg soil 38.107ab 25.827a 
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
soil 4 g/kg soil 36.557e 23.667d 
Carboxin 1g /kg seed 4 g/kg soil 35.937f 18.817f 
Carboxin 8 mg/kg soil 4 g/kg soil 35.937f 17.197g 
Carboxin 1g /kg seed + (TNS3) 4 g/kg seed 4 g/kg soil 37.717b 24.797bc 
Carboxin 8 mg/kg soil + (TNS3) 4g /kg seed 4 g/kg soil 36.907de 23.557d 
Carboxin 1g /kg seed + (TNS3)  4 g/kg soil 4 g/kg soil 38.427a 25.287b 
Carboxin 8 mg/kg soil + (TNS3)  4g /kg soil 4 g/kg soil 36.537e 23.677d 
C.V.  
0.573  & 0.892 
 1.137 &1.458 
F Prob.  0.000 &0.000 0.000 &0.000 
S.E.M.  
0.187 &0.187 
 0.187 & 0.187 
C.D. 5%  0.539 & 0.539 0.539 & 0.539 
C.D. 1%  0.726 & 0.726 0.726 & 0.726 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
 
 
Table 4.15: Effect of integrated treatments of Pseudomonas fluorescens (PNS1) with 
Carbendazim and carboxin on dry matterand root yield of Ashwagandha 
cv.RAS-111. plants grown in Fusarium solani infested and non-infested pots. 
Treatments 
Inoculatio
n with F. 
solani 
Dry shoot 
weight(g) Root yield/plant (g) 
Control - 50.787f 25.587f 
Carbendazim 1g /kg seed - 50.487f 27.177d 
Carbendazim 10 mg/kg soil - 48.327h 26.537e 
P. fluorescens (PNS1) 4g/kg seed - 57.487d 27.807c 
P. fluorescens (PNS1) 4g/kg soil - 56.657e 27.877c 
Carbendazim 1g /kg seed + (PNS1) 4 g/kg seed - 60.927b 29.567a 
Carbendazim 10 mg/kg soil + (PNS1) 4g /kg seed - 59.437c 28.757b 
Carbendazim 1g /kg seed + (PNS1) 4 g/kg soil - 60.927b 29.527a 
Carbendazim 10 mg/kg soil + (PNS1) 4g /kg soil - 57.487d 28.757b 
Carboxin 1g /kg seed - 49.407g 26.777de 
Carboxin 8 mg/kg soil - 49.407g 26.987de 
Carboxin 1g /kg seed + (PNS1) 4 g/kg seed - 57.497d 29.567a 
Carboxin 8 mg/kg soil + (PNS1) 4g /kg seed - 59.837c 28.757b 
Carboxin 1g /kg seed + (PNS1)  4 g/kg soil - 62.927a 29.717a 
Carboxin 8 mg/kg soil + (PNS1)  4g /kg soil - 59.837c 28.977b 
control 4 g/kg soil 32.687h 19.187h 
Carbendazim 1g /kg seed 4 g/kg soil 32.497hi 19.917g 
Carbendazim 10 mg/kg soil 4 g/kg soil 32.047i 18.837h 
P. fluorescens (PNS1) 4g/kg seed 4 g/kg soil 36.747g 22.937bc 
P. fluorescens (PNS1) 4g/kg soil 4 g/kg soil 37.417f 22.077e 
Carbendazim 1g /kg seed + (PNS1) 4 g/kg seed 4 g/kg soil 43.117b 23.447ab 
Carbendazim 10 mg/kg soil + (PNS1) 4g /kg seed 4 g/kg soil 42.177c 22.537cde 
Carbendazim 1g /kg seed + (PNS1) 4 g/kg soil 4 g/kg soil 44.347a 23.467ab 
Carbendazim 10 mg/kg soil + (PNS1) 4g /kg soil 4 g/kg soil 38.967e 22.887cd 
Carboxin 1g /kg seed 4 g/kg soil 32.037i 21.087f 
Carboxin 8 mg/kg soil 4 g/kg soil 29.267j 21.087f 
Carboxin 1g /kg seed + (PNS1) 4 g/kg seed 4 g/kg soil 42.657bc 22.557cde 
Carboxin 8 mg/kg soil + (PNS1) 4g /kg seed 4 g/kg soil 42.477c 22.357de 
Carboxin 1g /kg seed + (PNS1)  4 g/kg soil 4 g/kg soil 44.687a 23.637a 
Carboxin 8 mg/kg soil + (PNS1)  4g /kg soil 4 g/kg soil 39.977d 22.737cd 
C.V.  0.576 & 0.849 1.148 & 1.475 
S.E.M.  
0.187 &  
0.187 0.187 & 0.187 
C.D. 5%  
0.539 &  
0.539 0.539 & 0.539 
C.D. 1%  
0.726 &  
0.726 0.726 &  0.726 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : probability 
value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means followed by the 
same letter in a column are not significantly different (P≤ 0.05) 
 
 
Table 4.16: Effect of integrated treatments of Bacillus subtilis (BNS1) with 
Carbendazim and carboxin on dry matter and root yield of Ashwagandha 
cv.RAS-111. plants grown in Fusarium solani infested and non-infested pots 
Treatments 
Inoculatio
n with F. 
solani 
Dry shoot 
weight(g) 
Root yield/plant 
(g) 
control - 50.60 f 25.40 f 
Carbendazim 1g /kg seed - 53.83 f 25.15 d 
Carbendazim 10 mg/kg soil - 52.16 h 24.19 e 
Bacillus subtilis (BNS1) 4g/kg seed - 53.26 d 27.91 c 
Bacillus subtilis (BNS1) 4g/kg soil - 53.26 e 27.91 c 
Carbendazim 1g /kg seed + (BNS1) 4 g/kg seed - 56.85 b 29.88 a 
Carbendazim 10 mg/kg soil + (BNS1) 4g /kg seed - 55.00 c 28.22 b 
Carbendazim 1g /kg seed + (BNS1) 4 g/kg soil - 57.50 b 30.60 a 
Carbendazim 10 mg/kg soil + (BNS1) 4g /kg soil - 54.41 d 27.91 b 
Carboxin 1g /kg seed - 53.83 g 25.15 de 
Carboxin 8 mg/kg soil - 52.16 g 24.19 de 
Carboxin 1g /kg seed + (BNS1) 4 g/kg seed - 56.85 d 29.88 a 
Carboxin 8 mg/kg soil + (BNS1) 4g /kg seed - 55.00 c 28.22 b 
Carboxin 1g /kg seed + (BNS1)  4 g/kg soil - 57.50 a 30.60 a 
Carboxin 8 mg/kg soil + (BNS1)  4g /kg soil - 54.41 c 27.91 b 
control 4 g/kg soil 32.50 h 19.00 h 
Carbendazim 1g /kg seed 4 g/kg soil 33.85 hi 17.43 g 
Carbendazim 10 mg/kg soil 4 g/kg soil 31.86 i 16.52 h 
Bacillus subtilis (BNS1) 4g/kg seed 4 g/kg soil 37.36 g 20.65 bc 
Bacillus subtilis (BNS1) 4g/kg soil 4 g/kg soil 38.69 f 20.65 e 
Carbendazim 1g /kg seed + (BNS1) 4 g/kg seed 4 g/kg soil 37.79 b 22.62 ab 
Carbendazim 10 mg/kg soil + (BNS1) 4g /kg seed 4 g/kg soil 37.36 c 20.21 cde 
Carbendazim 1g /kg seed + (BNS1) 4 g/kg soil 4 g/kg soil 37.79 a 22.89 ab 
Carbendazim 10 mg/kg soil + (BNS1) 4g /kg soil 4 g/kg soil 36.52 e 21.11 cd 
Carboxin 1g /kg seed 4 g/kg soil 35.71 I 18.63 f 
Carboxin 8 mg/kg soil 4 g/kg soil 35.71 j 16.96 f 
Carboxin 1g /kg seed + (BNS1) 4 g/kg seed 4 g/kg soil 37.36 bc 22.89 cde 
Carboxin 8 mg/kg soil + (BNS1) 4g /kg seed 4 g/kg soil 36.52 c 19.59d 
Carboxin 1g /kg seed + (BNS1)  4 g/kg soil 4 g/kg soil 38.69 a 22.89 cd 
Carboxin 8 mg/kg soil + (BNS1)  4g /kg soil 4 g/kg soil 37.79 d 20.00 a 
C.V.  
0.476 & 
0.749 1.112 & 1.142 
S.E.M.  
0.175 &  
0.178 0.168 & 0.168 
C.D. 5%  
0.439 &  
0.439 0.419 & 0.419 
C.D. 1%  
0.626 &  
0.626 0.621 &  0.626 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05)  
 
 
Table 4.17.  Integrated application of selected Biocontrol agents and Fungicides 
against Alternaria leaf spot of Ashwagandha under field condition 
TREATMENTS 
Inoculated 
with A. 
alternata 
Dry shoot weight/plant Root weight /plant 
I Year II Year I Year II Year 
Non Inoculated Plants (NIP) 
-  
78.22g 
78.27 g 40.64f 40.7f 
 Mancozeb (FS 30 DAP)  
- 74.97i 75.02 h 34.56h 34.62 h 
 Mancozeb (FS 30+ 45 DAP) - 75.55
 h 75.6 h 35.2g 35.26 g 
T.harzianum TNS1  (ST)  - 90.35a 90.4a 46.94b 50 a 
T.harzianum TNS3  (ST) - 87.07c 87.12 c 41.33c 48.39 b 
P. fluorescens PNS2  (ST)  - 88.95b 89 b 42.84c 45.9 c 
Mancozeb (FS 45 DAP) + T.harzianum (TNS1) 
(ST) 
- 68.34 j 68.39 i 35.51g 35.57 g 
Mancozeb (FS 30+ 45 DAP) +  TNS1  (ST) 
- 86.26 d 86.31 b 48.82d 44.88 d 
Mancozeb (FS 30+ 45 DAP) +  TNS3  (ST) 
- 81.00 f 81.05 f 42.09c 42.15 e 
Mancozeb (FS 30+ 45 DAP) +  PNS2  (ST) 
- 84.54 e 84.59 e  44.43i 44.49  d 
Inoculated Plants (IP) 
4g/kg soil 47.36 j 47.41 j 32.7 c 32.76 i 
 Mancozeb (FS 30 DAP)  
4g/kg soil 62.17 g 62.22 g 59.00 b 59.06 c 
 Mancozeb (FS 30+ 45 DAP) 4g/kg soil 64.59 f 64.64 f 59.88d 59.94 b 
T.harzianum TNS1  (ST)  4g/kg soil 70.65 d 70.7 d 57.01 f 57.07 d 
T.harzianum TNS3  (ST) 4g/kg soil 60.78 h 60.83 h 48.7 g 48.76 f 
P. fluorescens  PNS2  (ST)  4g/kg soil 58.93 i 58.98 i 47.1 c 47.16 g 
Mancozeb (FS 45 DAP) + T.harzianum (TNS1) 
(ST) 
4g/kg soil 75.68c
 a 75.73 c 59 a 59.06 c 
Mancozeb (FS 30+ 45 DAP) +  TNS1  (ST) 
4g/kg soil 90.38 c 90.43 a 65.59 d 65.65 a 
Mancozeb (FS 30+ 45 DAP) +  TNS3  (ST) 
4g/kg soil 75.96
 e 76.01 c 57.31 e 57.37 d 
Mancozeb (FS 30+ 45 DAP) +  PNS2  (ST) 
4g/kg soil 69.73
 b 69.78 e 53.28 h 53.34 e 
 C.V.   0.03 & 0.059 
0.03&0.02
7 0.02&0.02 0.00& 
S.E.M.  0.01&0.22  0.01&0.01 0.01&0.01 0.04&0.04 
C.D. 5%  0.00& 0.63 
0.05&0.02
8 0.02&0.02 0.01&0.01 
C.D. 1%   0.00&0.86 0.07&0.03 0.03&0.03 0.01&0.01 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
 
  
Table 4. 17(a). Integrated application of selected Biocontrol agents and Fungicides 
against Alternaria leaf spot of Ashwagandha under field condition 
TREATMENTS 
Inoculated with 
A. alternata 
Dry shoot weight/plant Root weight /plant 
I Year II Year I Year II Year 
Non Inoculated Plants (NIP) 
-  
78.22d 
78.27 d 40.64 d 40.70 d 
 Hexaconazole (FS 30 DAP)  
- 72.04 h 72.09 h 32.16 h 32.22 h 
  Hexaconazole   (FS 30+ 45 DAP) - 69.57 i 69.62 i 34.79 i 34.85 i 
T.harzianum TNS1  (ST)  - 90.35 a 90.4 a 49.94 a 50.00 a 
T.harzianum TNS3  (ST) - 87.06 c 87.11 c 48.34 c 48.40  c 
 P. fluorescens PNS2  (ST)  - 88.95 b 89.00 b 45.84 b 45.90 b 
Hexaconazole  (FS 30+ 45 DAP) +  TNS1  (ST) 
- 75.82 e 75.87 e 38.52 e 38.58 e 
Hexaconazole (FS 30+ 45 DAP) +  TNS3  (ST) 
- 74.36 f 74.41 f 35.52 f 35.58 f 
Hexaconazole (FS 30+ 45 DAP) +  PNS2  (ST) 
- 70.65 g 70.70 g 31.52 g 31.58 g 
Inoculated Plants (IP) 
4g/kg soil 47.36 i 47.41 i 32.7 i 32.76 i 
Hexaconazole (FS 30 DAP)  
4g/kg soil 57.54 h 57.59 h 54.27 h 54.33 h 
Hexaconazole   (FS 30+ 45 DAP) 
4g/kg soil 59.32 f 59.37 f 55.64 f 55.70 f 
T.harzianum TNS1  (ST)  4g/kg soil  70.65 b 70.7 b 57.01 b 57.07 b 
T.harzianum TNS3  (ST)  4g/kg soil  60.78 e 60.83 e 48.70 e 48.76 e 
P. fluorescens PNS2  (ST)  4g/kg soil 58.93 g 58.98 g 47.11 g 47.17 g 
Hexaconazole  (FS 30+ 45 DAP) +  TNS1  (ST) 4g/kg soil 71.86 a 71.91 a 52.62 a 52.68 a 
Hexaconazole (FS 30+ 45 DAP) +  TNS3  (ST) 
4g/kg soil 65.63 c 65.68 c 47.38 c 47.44 c 
Hexaconazole (FS 30+ 45 DAP) +  PNS2  (ST) 
4g/kg soil  63.56
  d 63.61  d 46.61 d 46.67 d 
 C.V.   
0.03 & 
0.059 0.03&0.027 
0.02&0.
02 0.00& 
S.E.M.  0.01&0.22  0.01&0.01 
0.01&0.
01 0.04&0.04 
C.D. 5%  0.00& 0.63 0.05&0.028 
0.02&0.
02 0.01&0.01 
C.D. 1%   0.00&0.86 0.07&0.03 
0.03&0.
03 0.01&0.01 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05) 
Table 4.18: Effect of integrated treatments of T. harzianum (TNS3) with carbendazim 
and carboxin on dry matter and root yield of Ashwagandha plants grown in 
Fusarium solani infested and non-infested field plots 
field  
Inoculatio
n with F. 
solani 
Dry shoot 
weight(g) 
Root yield/plant 
(g) 
  I Year  II Year  I Year  II Year  
Un-inoculated control - 78.39i  78.18g 40.60 e  40.51j 
T. harzianum (TNS3) 4g/kg seed - 86.490h  86.41f  46.59 d  46.57h  
T. harzianum (TNS3) 4g/kg soil - 86.76g 86.61f 46.59 d  46.57h  
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
seed - 90.68 d  89.96c  48.39 c  48.20d  
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
seed - 88.19 f 88.07e  46.59 d  46.50i 
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
soil - 91.79 a  91.74a  50.01 a  50.07a  
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
soil - 91.13 c  91.07ab  47.10 d  47.07f  
Carboxin 1g /kg seed + (TNS3) 4 g/kg seed - 91.37b  90.84 b  49.16 b  49.17c  
Carboxin 8 mg/kg soil + (TNS3) 4g /kg seed - 88.88 e  88.84 d  47.00 d  46.96g 
Carboxin 1g /kg seed + (TNS3)  4 g/kg soil - 91.80a 91.73 a  50.01 a  50.06b  
Carboxin 8 mg/kg soil + (TNS3)  4g /kg soil - 91.16c  91.10ab  47.11 d  47.13e 
Inoculted control 4 g/kg soil 50.34g  50.34 f  30.36j  30.36h  
T. harzianum (TNS3) 4g/kg seed 4 g/kg soil 57.20e 57.23cd 36.15h  36.13fg  
T. harzianum (TNS3) 4g/kg soil 4 g/kg soil 57.30de  57.35cd 35.80i 35.78g  
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
seed 4 g/kg soil 57.30de 57.33cd 38.48d  38.50d  
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
seed 4 g/kg soil 57.92cd 57.85 bc 36.49g  36.47f  
Carbendazim 1g /kg seed + (TNS3) 4 g/kg 
soil 4 g/kg soil 58.74ab 58.43b  40.98a  41.00a  
Carbendazim 10 mg/kg soil + (TNS3) 4g /kg 
soil 4 g/kg soil 56.34f  56.51e 37.53e  37.54e  
Carboxin 1g /kg seed + (TNS3) 4 g/kg seed 4 g/kg soil 58.14bc 58.06 b  39.34c  39.34c  
Carboxin 8 mg/kg soil + (TNS3) 4g /kg seed 4 g/kg soil 56.89ef 56.86 37.35f  37.35e 
Carboxin 1g /kg seed + (TNS3)  4 g/kg soil 4 g/kg soil 59.23a 59.17a 40.12b 40.13b  
Carboxin 8 mg/kg soil + (TNS3)  4g /kg soil 4 g/kg soil 56.31f 56.34e 37.54e 37.50e 
 C.V.   
0.02 
&0.66 
0.02 
&0.65 
0.005 
& 
0.005 
0.005 
& 
1.003 
S.E.M.  
0.01 & 
0.22 
0.76 & 
0.63 
0.005 
& 0.25  
0.001 
& 
0.216 
C.D. 5%  
0.03 & 
0.64 
0.76 & 
0.63 
0.76 & 
0.014 
0.004 
& 
0.637 
C.D. 1%   
0.05 & 
0.87 
1.04 
&0.86 
1.039 
& 
0.019 
0.005 
& 
0.868 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05)  
 
 
 
Table 4.19: Effect of integrated treatments of P. fluorescens (PNS1) with 
carbendazim and carboxin on dry matter and root yield of Ashwagandha 
cv.RAS-111. plants grown in Fusarium solani infested and non-infested field 
plots. 
Field   Dry shoot weight(g) Root yield/plant (g) 
 
Inoculation 
with F. 
solani I YEAR II YEAR I YEAR II YEAR 
Un-inoculated control  78.43 78.41
J 40.64 h 40.56 j 
P. fluorescens (PNS1) 4g/kg seed - 88.82 88.74 g 43.50
 g 43.44 i 
P. fluorescens (PNS1) 4g/kg soil - 87.53 87.45 i 43.60
 f 43.55 h 
Carbendazim 1g /kg seed + (PNS1) 4 
g/kg seed - 94.15 94.00 c  46.27
 b 46.12 d 
Carbendazim 10 mg/kg soil + (PNS1) 
4g /kg seed - 91.84 91.74 f 45.00
 e 45.22 f 
Carbendazim 1g /kg seed + (PNS1) 4 
g/kg soil - 94.15 94.11 b 46.20
 c 46.18 c 
Carbendazim 10 mg/kg soil + (PNS1) 
4g /kg soil - 88.82 88.78 g 45.00
 e 45.22 f 
Carboxin 1g /kg seed + (PNS1) 4 g/kg 
seed - 88.83 88.54 h 46.27
 b 46.21 b 
Carboxin 8 mg/kg soil + (PNS1) 4g /kg 
seed - 92.46 92.12 e 45.00
 e 45.12 g 
Carboxin 1g /kg seed + (PNS1)  4 g/kg 
soil - 97.25 97.12 a 46.50
 e 46.45 a 
Carboxin 8 mg/kg soil + (PNS1)  4g 
/kg soil - 92.46 92.44 d 45.33
 d 45.26 e 
Inoculted control 4 g/kg soil 50.38i 50.47 k  30.48 k 30.35 k 
P. fluorescens (PNS1) 4g/kg seed 4 g/kg soil 56.67 h 56.66 j 36.41 d 36.44 d 
P. fluorescens (PNS1) 4g/kg soil 4 g/kg soil 57.71 g 57.55 i 35.02 j 35.11 j 
Carbendazim 1g /kg seed + (PNS1) 4 
g/kg seed 4 g/kg soil 66.55 b 66.45 c 37.21 c 37.17 c 
Carbendazim 10 mg/kg soil + (PNS1) 
4g /kg seed 4 g/kg soil 65.09 d 65.12 f 35.76 h 35.78 g 
Carbendazim 1g /kg seed + (PNS1) 4 
g/kg soil 4 g/kg soil 68.45 a 68.41b 37.25 b 37.21 b 
Carbendazim 10 mg/kg soil + (PNS1) 
4g /kg soil 4 g/kg soil 60.12 f 60.14 h 36.32 e 36.12 f 
Carboxin 1g /kg seed + (PNS1) 4 g/kg 
seed 4 g/kg soil 65.84 c 65.81 d 35.79 g 35.74 h 
Carboxin 8 mg/kg soil + (PNS1) 4g /kg 
seed 4 g/kg soil 65.55 cd 65.52 e 35.47 i 35.41 i 
Carboxin 1g /kg seed + (PNS1)  4 g/kg 
soil 4 g/kg soil 68.99 a 68.87 a 37.52 a 37.51 a 
Carboxin 8 mg/kg soil + (PNS1)  4g 
/kg soil  4 g/kg soil  62.41 e 90.27 g 62.37 f  35.69 e 
 C.V.   0.03 & 0.59 0.03&0.027 0.02&0.02 0.00& 
S.E.M.  0.01&0.22  0.01&0.01 0.01&0.01 0.04&0.04 
C.D. 5%  0.00& 0.63 0.05&0.028 0.02&0.02 0.01&0.01 
C.D. 1%   0.00&0.86 0.07&0.03 0.03&0.03 0.01&0.01 
***: Significant at P < 0.001; **: Significant at P< 0.01; *: Significant at P< 0.05; ns: non-; P : 
probability value; HSD: Tukey's Honestly Significant Difference; CV: coefficient of variation;  Means 
followed by the same letter in a column are not significantly different (P≤ 0.05)  
 Figure 4.1: The severity of Alternaria Leaf spot on Ashwagandha cv.JA-134 
inoculated with Alternaria alternata 
 
 
 
Figure 4.2: Total Phenolic content of Ashwahandha cv.JA-134 leaves grown in the 
soil inoculated with Alternaria alternata or uninoculated under pot conditions. 
Error bars show standard error. 
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 Figure 4.3: Total salicylic acid content of Ashwahandha cv.JA-134 leaves grown in 
the soil inoculated with Alternaria alternata or uninoculated under pot 
conditions. Error bars show standard error. 
 
 
Figure 4.4: The severity of Fusarium wilt caused by Fusarium solani on 
Ashwagandha cv. cultivars inoculated with Fusarium solani.  
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 Figure 4.5: Soil Population of Fusarium solani at the time of harvest (6 months) on 
different Ashwagandha cv.JA-134   grown in the fungus infested soil 
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 Figure 4.6: Total phenolic content of Ashwahandha cv.RAS-111. leaves grown in the 
soil inoculated with Fusarium solani or uninoculated under pot conditions. 
Error bars show standard error. 
 
 
 
Figure 4.7: Total salicylic acid  content of Ashwahandha cv.RAS-111. leaves grown 
in the soil inoculated with Fusarium solani or uninoculated under pot 
conditions. Error bars show standard error. 
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 Figure 4.8: Soil population of biocontrol agents after their application as seed 
treatment (@4g/kg seeds) in the presence and absence of Alternaria alternata 
in earthen pots at different months after planting of Ashwagandha cv-134 error 
bars show standard error. Pi= Initial inoculum recorded at the time of planting. 
 
 
Figure 4.9: Effect of seed treatment with bioagents (@ 4g/kg seed) and foliar spray 
with fungicides (2g/l) on the leaf spot severity of Ashwagandha cv-134 in 
inoculated plants in earthen pots 
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 Figure 4.10: Effect of seed treatment with bioagents (@ 4g/kg seed) and fungicides 
on the wilt severity of Ashwagandha cv.RAS-111. in inoculated plants in 
earthen pots. 
 
 
Figure 4.11: Soil population of bio control agents after their application as seed 
treatment (@4g/kg seeds) in the presence and absence of Fusarium solani in 
earthen pots. 
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 Figure 4.12: Soil population of F. solani agents after their application as seed 
treatment (@4g/kg seeds) in the presence and absence of Fusarium solani in 
earthen pots. 
 
Figure 4.13:  Effect of Integrated treatment comprising of seed treatment with 
bioagents (@ 4g/kg seed) and foliar spray with hexaconazole (0.1%) on the 
leaf spot severity of Ashwagandha cv.JA-134 in inoculated plants in earthen 
pots 
 
2
2.5
3
3.5
4
4.5
5
5.5
6
Pi 1 2 3 4
 1
x1
04
 C
FU
 o
f F
. s
ol
an
i/g
 so
il 
 
Months after inoculation 
Inoculated Plant
(IP)
IP+ carboxin
IP+ Carbendazim
IS+ Vitavax
IP+
copperoxychlori
de
0
50
100
1
Inoculated Plants (IP) Hexaconazole (FS 30 DAP)
Hexaconazole (FS 30+ 45 DAP) TNS1  (ST)
TNS3  (ST) PNS2  (ST)
Hexaconazole (FS 45 DAP) + T.harzianum (TNS1) (ST) Hexaconazole (FS 45 DAP) + T.harzianum (TNS3) (ST)
%
 D
IS
EA
SE
 S
EV
ER
IT
Y 
 
 
Figure 4.14: Effect of Integrated treatment comprising of seed treatment with 
bioagents (@ 4g/kg seed) and foliar spray with carbendazim (0.1%) on the leaf 
spot severity of Ashwagandha cv.JA-134 in inoculated plants in earthen pots 
 
 
 
Figure 4.15: Effect of Integrated treatment comprising of seed treatment with 
bioagents (@ 4g/kg seed) and foliar spray with Mancozeb (0.2%) on the leaf 
spot severity of Ashwagandha cv.JA-134 in inoculated plants in earthen pots  
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 Figure 4.16: Effect of integrated treatments of carbendazim and T. harzianum 
(TNS1) on the wilt of   Ashwagandha cv.RAS-111 caused by Fusarium solani. 
Bars are showing standard error (SE). 
 
 
Figure 4.17: Effect of integrated treatments of carboxin and T. harzianum (TNS1) on 
the wilt of   Ashwagandha cv.RAS-111 caused by Fusarium solani. Bars are 
showing standard error (SE). 
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 Figure 4.18: Effect of integrated treatments of carbendazim and P. fluorescens 
(PNS1) on the wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. 
Bars are showing standard error (SE). 
 
 
 
Figure 4.19: Effect of integrated treatments of carboxin and P. fluorescens (PNS1) on 
the wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. Bars are 
showing standard error (SE).   
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Figure 4.20: Effect of integrated treatments of carbendazim and T. harzianum 
(TNS3) on the wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. 
Bars are showing standard error (SE).   
 
 
 
Figure 4.21: Effect of integrated treatments of carboxin and T. harzianum (TNS3) on 
the wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. Bars are 
showing standard error (SE).   
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Figure 4.22: Effect of integrated treatments of carbendazim and B.subtilis (BNS1) on 
the wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. Bars are 
showing standard error (SE).   
 
 
 
Figure 4.23: Effect of integrated treatments of carboxin and B. subtilis (BNS1) on the 
wilt of Ashwagandha cv.RAS-111 caused by Fusarium solani. Bars are 
showing standard error (SE).   
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Figure 4.24: Effect of integrated treatments of carbendazim and T. harzianum 
(TNS1) on the soil population of Fusarium solaniin the rhizosphere of 
ashwagandha cv.RAS-111  
 
 
Figure 4.25: Effect of integrated treatments of carboxin and T. harzianum (TNS1) on 
the soil population ofFusariumsolaniin the rhizosphere of ashwagandha 
cv.RAS-111.  
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Figure 4.26: Effect of integrated treatments of carbendazim and B. subtilis (BNS1) 
on the soil population of Fusarium solaniin the rhizosphere of Ashwagandha 
cv.RAS-111.  
 
 
Figure 4.27: Effect of integrated treatments of carboxin and B. subtilis (BNS1) on the 
soil population ofFusariumsolaniin the rhizosphere of Ashwagandha cv.RAS-
111. 
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Figure 4.28: Effect of integrated treatments of carbendazim and P. fluorescens 
(PNS1) on the soil population ofFusariumsolaniin the rhizosphere of 
Ashwagandha cv.RAS-111. 
 
Figure 4.29: Effect of integrated treatments of carbendazim and T. harzianum 
(TNS3) on the soil population ofFusariumsolaniin the rhizosphere of 
Ashwagandha cv.RAS-111. 
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Figure 4.30: Effect of integrated treatments of carboxin and T. harzianum (TNS3) on 
the soil population of Fusarium solaniin the rhizosphere of Ashwagandha 
cv.RAS-111. 
 
 
Figure 4.31: Effect of integrated treatments of carboxin and P. fluorescens (PNS1) on 
the soil population of Fusarium solani in the rhizosphere of Ashwagandha 
cv.RAS-111. 
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Figure 4.32: Effect of Integrated treatment comprising of seed treatment with bioagents (@ 
4g/kg seed) and foliar spray with Mancozeb (0.2%) on the leaf spot severity of 
Ashwagandha cv-134  in inoculated plants in Field. 
 
 
 
 
Figure 4.33: Effect of Integrated treatment comprising of seed treatment with 
bioagents (@ 4g/kg seed) and foliar spray with hexaconazole (0.1%) on the 
leaf spot severity of AshwagandhaCV-134 in inoculated plants in earthen 
pots. 
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Figure 4.34: Effect of integrated treatments of Trichoderma harzianum (TNS3) with 
carbendazim and Carboxin on the wilt of Ashwagandha cv.RAS-111. caused by Fusarium 
solani. Bars are showing standard error (SE). 
 
 
Figure 4.35: Effect of integrated treatments of Pseudomonas fluorescens (PNS1) with 
carbendazim and Carboxin on the wilt of Ashwagandha cv.RAS-111. caused 
by Fusarium solani. Bars are showing standard error (SE). 
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 Figure 4.36: Effect of integrated treatments of Pseudomonas fluorescens (PNS1) with 
carbendazim and Carboxin on the soil population of the bio control agent in 
the presence and absence of Fusarium solani in field trials. 
 
 
Figure 4.37: Effect of integrated treatments of Trichoderma harzianum (TNS3) with 
carbendazim and Carboxin on the soil population of the bio control agent in the 
presence and absence of Fusarium solani in field trials. 
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